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1. "Magnetic Amplifiers---" - NavShips 900, 172, is an unclassified 
publication which describes "an old device in a new suit." The device 
is the saturable core and the new suit is the core's use in electrical 
and electronic applications. 


2. This pamphlet was published previously in small quantities for 
limited distribution. A more detailed technical description of the 
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Electron. 


3. This material is published to encourage the use of the device in 
electrical and electronic applications where reliability of performance 

is the prime consideration. A review of machinery application principles 
is included as an aid toward understanding the general principles of 
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Design Engineers Please Note 


This publication is not intended as an engineering 
manual. Mathematics and detailed circuitry was deliber- 
ately removed to simplify the presentation in a form easily 
assimilated by busy engineers who often do not have the 
time to study the more detailed technical papers previously 
presented on the subject. A bibliography is included for 
those who wish to study the material in detail. 
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MAGNETIC AMPLIFIER 
A RISING STAR IN NAVAL ELECTRONICS 
INTRODUCTION 


Naval Electronics engineers are beginning to accept the fact that 
a competitor to the electron tube, im the power and control field, has 
not only penetrated their domain but is here to stay. When first con- 
fronted with this device they simply ignored it as being an impostor -- 
too slow, cumbersome and inefficient to be taken seriously. Even when 
it started to strut in a new cloak of self saturatiom and promoted itself to 
the rank of magnetic amplifier, it was still ignored by American electronic . 
engineers. The device finally gave up in disgust and proceeded to Germany 
for physical reconditioning, amd a post-graduate course im military and 


The electrical machinery early visualized the advantages of 
the device as attested by the almost universal application of this static 
control for rotating equipment. 


Electronics engineers are now forced to concede recognition of the 
magnetic amplifier, as it has demonstrated its value beyond gestion in 
many fields previously dominated by electron tubes. 


The significance of this development in relation to Naval engineering 
is better appreciated when it is reslized that this eomponent is applicable 
to almost everything that rotates: or moves on a fighting ship -- from 
throttle controls on the main engines. -- speed, frequency, voltage, current 
and temperature controls on auxiliary equipment -- fire control, servo 
mechanisms, and stabilizers for guns, radar and sonar equipment -- pulse 
forming, sweep: multivibrator circuits for radar, loran, and transponder 
equipment, ta computers, course and speed plotters to verify the results. 


The device is ideally suited to submarine and aircraft equipment 
because of the extreme voltage fluctuations of the prime power sources. 
Mumerous countries have contributed to its evolution, 


HISTORY 


The magnetic amplifier is not new -- the principles of the 
saturable core control were used in electrical machinery as early 
as 1885 although they were not identified as such. 


Saturable core devices have been used, principally in heavy 
electrical machinery, in the United States since 1900. The U. S. 
Navy has been using them to a limited extent mostly as static 
control instruments in rotating equipment during the past eight 
years; development beyond this perimeter into the electronic 
field has been retarded in the United States primarily due to the 
reluctance of our engineers to experiment with a new device, 
especially in view of the excellent performance experienced with 

current electron tube equipment. | 


Many engineers are under the impression that the Germans invented 
the magnetic amplifier; actually it is an American invention. The 
Germans simply took our comparatively crude device, improved the 
efficiency and response time, reduced weight and bulk, broadened 
its field of application, and handed it back to us. 


It was mainly the improvement in processing magnetic material 
and the introduction fo selenium rectifiers that led to the wide use of 
the magnetic amplifiers by the Germans. 


The German navy used the device in its master gun stabilizers; 
their air force used it in automatic pilot and ground approach systems. 
They also used it in servo and frequency control systems for long 
range rockets, blind landing aids, and to regulate the fuel flow in 
relation to atmospheric and ram pressure in some types of guided 
missiles. They also applied the device as cathode followers, replacing 
electron tubes in computer circuits. The German army had started 
to apply it to the V-2 rocket stabilizer and steering system. 


German civil interests were also quick to visualize the advantages 
of this device. They had started to apply it to computing machines, 
electric brakes for trucks and locomotives, high voltage power lines 
(controlling up to 50,000 KVA), a-c streetcar controls and other miscel- 
laneous uses. 


The fact that the Germans introduced the device into fields pre- 
viously dominated by electron tubes is considered by many to be of as 
great importance as the technical development of the device. 


Although Germany is unquestionably responsible for the rebirth 
of the magnetic amplifier, other countries (especially the United States) 
held a considerably greater number of patents on this device. The 
efforts of Sweden, England, and Japan were also considerable. 


The reason for the Nazis assigning their best scientists and 
expending millions on its development in the midst of a bitter war has 
never been definitely determined. There was no shortage of electron 
tubes; performance of the tube-controlled equipment certainly was 
not improved by the substitution of this device. 


Considering the above, the motive warranting such expenditures 
appears to have been an acute shortage of field electronics technical 
personnel, making a dependable, maintenance free device mandatory 
wherever possible. 


The performance of the magnetic amplifiers obviously must have 
equaled that of the electron tube circuits as these devices were used 
in some very critical applications, such as stabilizers, servos, and 
fire control equipment in their finest fighting ships. 


It was during the last war that the U. S. Navy started to exploit 
the device for purposes other than power regulators. Development 
contracts have now expanded into the high speed range of digital 
computers and pulse forming, memory and scanning applications in 
radio, radar and sonar equipment. 


FUNDAMENTALS 


A magnetic amplifier is simply another type of control valve. 
A valve in a water line can be considered an amplifier, if a small 
stream of water operates a larger valve in the main line. 


Electrically the device can be compared somewhat to that of 
an electron tube, in that the grid of the tube controls a relatively 
large amount of plate power. In a M/A, power is varied, like the 
water valve and the tube, by inserting the device in series with the 
load to be controlled. Control is then accomplished by varying this 
impedance, which increases or decreases the power to the load. 
The impedance to the flow of AC is effected by changing the degree 
of saturation with a relatively small amount of DC, or properly 
phased AC, through a separate winding on the same core. An 
unsaturated core has a relatively high impedance to AC. A 
saturated core acts effectively as an air core, with practically no 
impedance except for the ohmic resistance of the copper wire. 
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Figure 1 


Figure 1 illustrates the principle of operation. With the core 
completely within the coil the impedance to the flow of current is 
high -- permitting possibly only a fraction of a volt to appear across 
the load. Pulling the core out causes this load voltage to rise pro- 
gressively to practically 115. In effect this is the operating principle 
of a magnetic amplifier. Since it took only a few watts of muscular 
energy to move the core within the coil, which may in turn control 
several horse power, the device is an amplifier. Since this is done 
magnetically, the device is called a magnetic amplifier. 


Technically, it may be described as essentially a device which 
controls the a-c reactance of a coil by controlling the effective perme- 
ability of the magnetic material upon which the coil is wound, 


Although the sketch in Figure 1 is drawn primarily to illustrate 
the principles of operation, there are many applications still in use 
utilizing the mechanical system. The principle of control is the same; 
the action, however, does not completely fulfill the description in the 
previous paragraph “controlling the effective permeability of the 
magnetic material" since iron in this instance is actually replaced 
by air. In modern applications the core is stationary; its impeding 
effects to a-c power is changed by varying the saturation of the iron 
core. This not only simplifies the installation but permits a much 
higher speed of response and considerably widens the range of appli- 
cations, 
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SATURABLE REACTOR 
Fig. 2 


Load 





MAGNETIC AMPLIFIER 
Fig. 3 


Figure 2 is the basic circuit of the saturable control. The 
secondary or load winding impedance is controlled by the amount of 
current flowing in the primary or control winding. This would be a 
relatively inefficient amplifier because the control winding ampere 
turns must be equal to the load A/T plus sufficient A/T to saturate 
the core. 


In Fig. 3 a rectifier is inserted in series with the load. This 
results in unidirectional load current which assists the control winding 
in saturation. Considerable less control power is now required, making 
the device highly competitive with other types of amplifiers. 


Although Fig. 3 has been developed into a high gain amplifier 
it is still deficient in some respects, namely: 


1. The device as shown would act as a step up transformer in 
reference to the load power, and generate power into the control 
winding. This would not only be undesirable but would also result in 
an unnecessary power loss. | 


2. Due to the single rectifier, only an inefficient pulsating DC 
load power would result. 


BASIC CIRCUITS 
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Figures 4 and 5 show a more practical design. (To simplify the 
Sketches, cores will be taken for granted, control windings will be 
represented by a single turn.) With two load coils they can be 
wound opposed, neutralizing any transformer effect into the con- 
trolcoil. The two power coils also permit utilization of both 
sides of the alternating current, resulting in good wave form and 
efficiency. Figure 4 is the basic amplifier for AC loads. With 
the addition of two rectifiers, (5), the device generates and con- 
trols a DC load from an AC supply. Three legged cores, with the 
control coil wound on the center leg, and power coils on outside, 
are usually used with the above circuits in power control applica- 
tions. | 


ADVANCED CIRCUITS 
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Figures 6 and 7 show further developments with the 
addition of feed back, These are identified as external feedback, 
Gains up to several million per stage have been obtained with 
these circuits. 
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Figure 8 is a sketch drawn originally for school purposes 
showing how this amplifier can be used without the load power 
passing through a rectifier; Figure 9 applied to variable speed 
reversing motor. 





Figure 10 shows various types of saturable reactors used 
for machinery control applications ( Vickers Inc.) 





1071341 


Fig. 11 - Educational Amplifier 60 cycle 100 watt - General 
Electric Co. - (Not suitable for audio or HF) 





Fig. 12 - 400 cycle 10 Watt. Fig. 13 - e cycle 2 Watt 
Mag. Amp. Inc. eneral Electric Co. 
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Fig. 14 - Educational Magnetic Amplifier ( Vickers Inc.) 
(Not suitable for audio of HF experiments) 






| 
| 85 (OR 115) VOLT 
| AD! AMPLIFIER 










475 TO 

560 VOLTS M 

| $ REGULATED 
k 440 V.A.C. 
LINE 

VARIABLE 

425T0 

500 V. AUTO- SATURABLE 

A.C.LINE TRANSFORMER REACTOR 


| 


Fig. 15 - Example of one of the various experiments that can be made 
with the educational amplifier. In the above sketch it is used as a 


voltage regulator. 
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Fig. 16 - Magnetic Amplifier for Jet Engine Thermocouple Unit. 
General Electric Co. 
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Fig. 17 - Selenium Rectifier designed for HP(175,000 Amp) 
Magnetic Amp. 
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Fig. 18 - Selenium Rectifier designed for LP(100 Ma.) Magnetic Amp. 
(Fed. Tel & Radio Co) 
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SIGNAL WINDING 


CONTROL WINDING 
(CONTROLLED RF WINDING) 


Fig. 19 


General Schematic of the Increductor Variable Inductance 





Fig. 20 


Type XA-B 3 HF Reactor 


C.G.S. Laboratories - Stamford, Connecticut 
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TYPE XA-B3 INCREDUCTORS* 


PURPOSE 


The type XA-B3 INCREDUCTORS are intended for use in the 
frequency range between 100 kilocycles and 10 megacycles. They pro- 
vide large inductance change with low control power. For typical per- 
formance, see the attached characteristics sheets. 


GENERAL SPECIFICATIONS: 


Mechanical Construction See drawing 
Weight 4 ounces 
Dissipation Limit 2 watts 

D.C. Resistance of Control Winding 250 ohms 
Inductance of Control Winding at O Current 6 henrys 
Operating Temperature Range -40 to +65° C. 


Average Temperature Coefficient of In- 
ductance, Signal Winding 


1.5% per degreeC. 
Minimum Available Change of Inductance, Lo/L 


with 1 watt control power 160 to 1 
Minimum Available Change of Frequency, fo/f 

with 1 watt control power 12.5 to 1 
INDIVIDUAL SPECIFICATIONS: 
TYPE: XA -B3- XA-B3- XA-B3-  XA-B3 
MODEL: 25k-6k 6k-6k 15c-6k 1c-6A 
Nominal Inductance for 
O Control Current, Lo 25 mh 6 mh 1.5 mh 0.7 mh 
Maximum Inductance, 
Demagnetized State, Lg 43 mh 10 mh 2.5 mh 1.2 mh 
Approximate Recommended 100-300 100-300 200-600 300-900 
Starting Frequency Range kc kc kc kc 
Approximate Q of Starting 30 30 25 20 
Frequency Range 
Maximum Q within Range 50-70 50-70 40-60 40-60 
Current Compensating Factor 7 14 30 45 
Maximum Capacity of Signal 
Winding to Ground 40 uuf 25 uuf 25 uuf 25 uuf 


Tolerances: all values plus or minus 15% if not otherwise stated. 


*'Trademark 
Patent Applied For. 


C.G.S. Laboratories, Inc. 
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Magnetic Amp. Conversion 
Fig. 23 


Figures 22 and 23 contain schematics showing applications to 
training schemes in servo systems. Fig. 21 is a sketch of a servo system 
utilizing magnetic amplifiers to replace an amplidyne. Fig. 22 shows 
a standard thryatron training control drive. Fig. 23 the same circuit 

modified for magnetic amplification. The thyratron conversion 
is relatively simple as most of the components designed for this 
tube will also match the magnetic amplifier. This conversion can 
almost be simplified to the extent of providing a rectifier adapter 
to plug into the thyratron tube sockets. 
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VOLTAGE REGULATORS 
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MOTOR-GENERATOR. Voltage & frequency regulated by magnetic 
amplifier. 





Fig. 24 


Figure 24 illustrates the principle of applying the magnetic 
amplifier to frequency and voltage controls of rotating generators. 
The control coils in the DC drive motor fields are actuated by two 
tuned circuits resonated at 55 and 65 cycles. The lower frequency 
coil,is wound aiding to increase the DC field current. The 
reaction of the two currents maintain a constant 60 cycle output. 
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ELECTRONIC POWER SUPPLY REGULATORS 






("Bet Voltage (Const 
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Fig. 25 


Figure 25 shows the device applied externally to transformer 
regulation. The component X across coil #1 indicates a non linear 
device, (VR tube, Thyrite Etc.) used as a combined reference voltage 
across coil $1, and a current amplifier for coil 42. Two element 
non-linear devices are shown for simplicity. When a-c is used as 
a voltage reference, a small saturable reactor is used for a non- 
linear device-usually in a bridge connection. 


Control coils 1 and 2 may also be applied to choke (L) which 
would effectively transfer the filter condenser (C) to the other 
side of the choke upon saturation. The condenser input effect 
would result in good plate voltage regulation, with Fil. unregu- 
lated. 
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Figure 26 shows a regulator designed integral with the equip- 
ment transformer. This system is used in a special 440 cycle type 
of aviation radar equipment, and for portable installations where 
light weight is desired. Insert shows the core arrangement. The 
above circuits are shown to demonstarte the theory of operation. 
Other circuits may have superior operating characteristics. 


The significance of constant voltage is aprpeciated when it is 
realized that an estimated 80% of all electronic failures can be 
directly traced to tube or condenser failures -- this does not 
include transformer, choke and resistance failures which can 
usually be traced to overloads occuring during these failures. 


20 


"Tubes are listed as the greatest single cause of electronics 
failures. Cathodes or filaments have an optimum temperature of 
operation. The incident of failure rises rapidly as temperature is 
exceeded. Not much data esists on the effect of under temperature 
operation. It is known that although the latter condition is not as 
serious as the other, it does shorten tube life. It is desirable to 
run the heaters at normal ratings from regulated power supplies 
when long stable service is required of tubes." * Life tests on 
tubes operated on above normal voltages are not available; however, 
life tests on incandescent electric lights show that the life of the 
filament is reduced 50% when operating on a voltage only 7% above 
normal. ** 


In electron tubes a rise in line voltage also causes an increase 
in plate current which adds to the abuse of the already overheated 
filament or cathode. The additional heat generated by the tube and 
other components within the equipment compartment causes the 
ambient temperature to rise which also contributes somewhat 
towards accelerated equipment failures. 


Another point often overlooked is that once the tubes have been 
operated under accelerated conditions their performance is consider- 
ably reduced when returned to normal operating voltages. 


Military equipment is designed to operate at + 10% of a specified 
voltage. The service free life however is reduced considerably when 
operating in the upper voltage range. 


Normally the larger naval vessels have excellent voltage regu- 
lation. This voltage however is maintained to the trunk lines; the 
branch lines due to intermittent loads are difficult to regulate. This 
results in accumulated equipment strains, eventually ending in com- 
plete failure. 


Several manufacturers can supply automatic voltage regulators 
as components to be inserted between the line and equipment. These 
are rather large, with low efficiency and are somewhat sensitive to 
frequency, as most of them operate on the resonance saturation 
principle. Regulators should be built in the power transformer 
rather than supplied as a separate component. They should be made 
mandatory for all equipment where interruptions due to failure may 
be serious. | 


* Stamford Research Institute Terminal Report - 1 June 1950 
** Chapter 2 NAVSHIPS - 250-660 
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INPUT 





MAGNETIC AMPLIFIER 
Fig. 28 





CLASS ‘‘B’’ PUSH PULL 
Fig. 30 





AUDIO FREQUENCY AMPLIFIERS 


From an electronics angle, perhaps an analogy between a tube 
and a magnetic amplifier should be made, Any attempt to analyze the 
magnetic amplifier in direct relation to a tube requires that certain 
assumptions be made, as this amplifier differs considerably from the 
electron tube type. However, since the input saturation control voltage 
vs load current can be made to follow almost precisely that of a tube, 
a theoretical analysis can be made on the straight portion of the curve, 


Figs. 27 and 28 are sketches of a tube and magnetic amplifier; 
Fig. 29 is a magnetic saturation vs impedance curve of a typical magnetic 
amplifier. Since this curve almost duplicates that of certain type 
tubes, operating characteristics of both can be plotted on the same 
curve, For a fair comparison the ‘‘Plate’’ supply of both amplifiers 
must be AC, as a magnetic amplifier will not control DC. If this 
amplifier is to be used to amplify audio frequencies the supply fre- 
quency should be above audibility. Since both amplifiers are single 
ended, they must be operated as class “A”, half way up the slope, 
as shown in curve (c), point (a). 


These amplifiers working as class ‘‘A’’ would not only be 
inefficient, but provisions would have to be made to separate the 
carrier from the voice frequencies; consequently they are usually 
operated as push pull class A/B. With this connection the carrier 
can be, point (b), biased out, as shown by Fig. 30 . With P/P con- 
nection the ''plate" supply rectified pulses are also doubled and 
smoothed out. 


Figs. 31 and 32 show basic sketches of more practical 
push pull amplifiers. Fig. 32 is a single stage amplifier capable of 
gains up to several thousand, These amplifiers have been constructed 
with several stages in cascade with power outputs up to 500 watts with 
excellent linearity up to 7000 cycles. 


According to two British investigators (Williams /Noble -IEE, 
50-See Bib.), it is possible to amplify control signals of ten to the 
minus 18 watts at a bandwidth of 10 cps in a special magnetic ampli- 
fier having a basic limitation of 4 x 10 to the minus 20 watt due to 
thermal noise. Barkhausen effects in the same magnetic amplifier 

are equivalent to a signal input of 10 to the minus 19 watts for a 
bandwidth of 1 cps. Drift is the major limiting factor in low input 
applications. 
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Fig. 33 - Output Oscillograms; 100 Watt Magnetic Amplifier. 
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Fig. 34 - Basic Receiver Principles 
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HIGH FREQUENCY APPLICATIONS 


Magnetic Amplifiers are relatively new to electronic engineers, 
perhaps because until recently, the response time of the device has 
been too long to be considered for many electronics applications. 


Recent developments in core material and application techniques 
have elevated the device to a more competitive position with electron 
tubes. Amplifiers now have been developed to respond to frequencies 
up to the megacycle range. 


Circuits for wave shaping, gating, counting, and for pulse gener- 
ators and pulse amplifiers have been designed to handle pulses up to 
500, 000 per second. 


Magnetic flip flop combinations are also used as frequency dis- 
criminators, band pass switches, sharp cut-off filters, and more 
recently promising results have been obtained towards developing 
sine wave HF oscillator. | 


Flip flop combinations are also being developed into square 
wave, one shot and free running multivibrators. A basic flip flop 


circuit is shown in Fig. 35 


The oscillograph patterns, Fig. 36 indicate that the device can 
be used for many HF applications heretofore dominated by electron 
tubes. 


One commercial radio firm constructed a complete broadcast 
receiver using the magnetic amplifier for the RF-IF and audio 
system, with a germanium crystal transistor for the oscillator; 
Crystals were used for detectors. A static magnetic converter was” 
used as a frequency multiplier power supply. This broadcast 
receiver, it is understood, was constructed primarily for publicity 
purposes to show that a relatively intricate electronic device could 
be made without the use of electron tubes. 


Aviation interests are now considering placing contracts on a 
loran receiver-indicator completely actuated by magnetic amplifiers 
except for the scope and oscillator tube. It is planned to design the 
oscillator with sufficient capacity to act as a combined heterodyne 
and HF power supply to actuate the magnetic amplifier circuits. 
This will reduce the present tube complement from 32 to 2 - one of 
which is the picture" tube. 
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WINDING NUMBER: 1 2 3 4 5 
NUMBER OF TURNS: 100 50 50 100 165 
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l. Pulse Repetition Rate = 2000 pps. 
(Time between pulses = 500 u sec.) 


Input Pulses: 


Note: Input Pulses in each case are min- 


inum amplitude required to set 


Flip Flop. Increased Pulse ampli- 


tude is required at higher rates. 


RF Envelope: 
(RF = 1,42 Mc.) 


2, Pulse Repetition Rate = 20,000 pps. 
(Time between pulses = 50 u sec.) 


Input Pulses: 


RF ‘Envelope: 
(RF = 1.32 Mc.) 


3. Pulse Repetion Rate = 200,000 pps. 


(Time between pulses =5 u sec.) 


Input Pulses: 


RF Envelope: 
(RF = 1.4 Mc.) 


4. Pulse Repetition Rate = 400,000 pps. 


(Time between pulses = 2.5 u sec.) 
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FIGURE 36 - MAGNETIC FLIP FLOP DRIVEN AT HIGH RATES 


The weakness in the HF application field is development and 
application "know how". There are many firms that specialize in 
magnetic amplifier design and development for electrical machinery 
such as controls, regulators, servo applications up to audio fre- 
quency amplifiers. However, very few of these firms are qualified 
in HF techniques as used in electronics equipment. The electrical 
machinery firms probably would take the contracts and subcontract 
the engineering to the electronic manufacturers. 


This has been one of the main factors retarding the develop- 
ment of magnetic amplifiers to HF work in the past. Magnetic 
amplifier electrical firms are not capable of applying this amplifier 
to the best advantage in HF applications. Therefore, it appears 
desirable that electronic equipment manufacturers be given these 
contracts without restrictions - to either subcontract for the 
magnetic components or develop the hybrid coils themselves. 


Those companies who have been prominent in both the elec- 
tronics equipment and the magnetic amplifier field should be 
favored for initial contracts in order to accelerate applications. 


Physical and electrical characteristics of the magnetic com- 
ponent will be entriely different after modifications for HF - 
probably not even recognized by the machinery amplifier firms, 
HF applications require extremely thin core laminations, anti- 
capacity windings, etc. that are not found in present production 
units. 


Following are some of the core characteristics desirable for 
HF applications. 


1. The core must be easily saturable. 

2. Eddy current effects must be at a minimum. 
3. Hysteresis losses must be low. 

4. The physical mass of the core must be small. 


5. The effective retentivity of the core must be low. 
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The oscillograph patterns of Fig. 36 were made from the output 
of Fig. 35 which contained a core made of 4-79 molybdenum permalloy 
tape 1/8 mil thick and 3/32 inch wide. The core had an inside diameter 
of 1/4 inch and weighed 20 milligrams; the ration of inductance from 
zero to maximum saturation was 4:1 - (80 to 20 uh). The RF anode 
power supply consisted of a single tube oscillator supplying each 
magnetic stage with about 20 MA at 20 volts. The excitation voltage 
of course varied with signal input. 


The above information together with the oscillograph pattern, 
Fig. 36,and Fig. 35 was obtained from a BuShips contract report as 
furnished by Engineering Research Associates, Inc., St Paul on 
saturable-core reactors as digital computer elements. This con- 
tract was completed 17 June 1949. 


This research indicates that conventional rolled core material 
can be used for frequencies up to possibly a megacycle with fair 
efficiency. Beyond this range preliminary investigations indicate 
that composite iron or related magnetic material such as powdered 
iron or ferrites may be superior. 


Powdered iron cores similar to those used in conventional RF 
tube circuitry are not suitable for efficient magnetic amplification. 


In powdered iron cores, the desirable high volume resistivity 
is achieved by bonding fine metal particles in some form of organic 
binder. This reduces the permeability and leaves the core full of 
air gaps which is undesirable from the standpoint of efficient 
saturation required for magnetic amplifiers. 


The deficiencies of the powdered iron core, however, can be 
ignored in certain circuitry in connection with magnetic amplification 
such as impedance matching coils and other specialized appli- 
cations where amplification is less important. In one instance 
these cores were used in coils where a high "Q" was important 
for selectivity which could not be achieved with the other material. 


Magnetic ferrites show interesting properties as magnetic 
Core material: consiting only of metallic oxides, this material 
has a high volume resistivity and high permeability, but low losses, 
making for reduction in size and weight in FH circuitry. 
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Figure 37 - Ferramic parts in the form of a disk, toroids, slug 
and C-shaped transformer cores were pressed. The rod, which is 
20in. long and 3/8 in. diam, was extruded. A spiral inductor was 
printed directly onto the ferrite disk, illustrating the high spe- 
cific resistance of this material. 





FERRAMIC 34, TYPE A FERRAMIC 90, TYPE B FERRAMIC 156, TYPE C 





FERRAMIC 146, TYPE D FERRAMIC 141, TYPE E 


Figure 38 - Oscillogram traces of hysteresis loops of five types 
of ferrites. 


32 





Ferrites, unlike powdered iron, contain no metallic particles 
but consist only of metal oxides; any organic material that would 
act as air gaps would be fired out during the 2300° processing 
temperature. It is this structure which is responsible for the 
main advantage of ferrites over powdered metal core materials in 
HF circuits. 


Ferrites, with their natural high specific resistance do not 
have to be powdered and suspended. Therefore, the permeability 
is not diluted, resulting in a maximum permeability of around 1000 
compared to 100 in powdered iron rings. 


Ferrites have found applications in horizontal sweep trans- 
formers of television sets, RF high voltage power supplies - 
deflection yokes for TV receivers, tuning stugs for RF coils, core 
material for FM oscillators, high "Q" core assemblies, etc. 
Ferrites, incidentally, are also being used as delay lines for 
pulsed video and super sonic signals and as transducers at sonic 
and super sonic frequencies. Fig. 37 shows ferramic core 
forms, Fig. 38 hysteresis loops. Fig. 39 shows a comparison between 
a magnetic and a tube amplifier - These are single stage RF com- 
puter components designed by Transducer Corp. 


Very little definite information has been obtained on special 
HF core material - whether ferrites or some other composition 
is best suited for high frequency magnetic amplifier cores has not 
been determined. 


Most of the above material on ferrites was furnished by 
General Ceramics & Steatite Corp. which was supported in part by 
U. S. Signal Corps contract No. W-36-039. 


If sufficient emphasis is put on these applications of the 
magnetic amplifier the program need not be a long term one. The 
prospects of much greater reliability and simplification of elec- 
tronic equipment which appear to be immediately available should 
not be ignored. 


In adidtion, recent developments in transistors and dielectric 
amplifiers offer possibilities of using a combination of all three 
devices to eliminate all tubes except those used for visual displays. 
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Figure 40 - HF Cores - Magnetics Inc., Butler, Pa. 
* jitized by N alt 





| Figure 41 - Virtually trouble-proof magnetic binaries (left) designed 
by Transducer Corporation can replace up to 90 per cent of the 
delicate vacuum tubes (right) in certain digital computers. 
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NEW DEVELOPMENT 
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Fig. 42 shows a basic sketch of a rather interesting M/A 
development recently disclosed by Dr. Robert A. Ramey of Naval 
Research Lab. 


This approach to the M/A problem has resulted from the 
recognition that the amplifier is a voltage sensitive device, and 
not as generally believed a current sensitive device. The only 
truly independent variable is the control voltage. 

The remarkable fact that the time of response of this series 
amplifier does not depend upon the inductance of the transformers 
as reactors seems to be adequately shown by analysis. 

A preliminary review indicates that this amplifier may have the 
following advantages: 

1. Response time is constant, independent of gain. (Always 
less than 1 cycle of supply frequency.) 

2. Lighter and smaller for the same power output. 


3. The output is a linear function of the control voltage. 
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4, Greater power sensitivity; the control source need not supply 
power to the amplifier control. Power is absorbed instead.. 


5. Relatively independent of variations in supply voltages. 


6. Single core reactors may be used with little reaction into 
the control winding. 


Note: This circuit has not as yet been evaluated by BuShips Engineers. 


37 


GENERAL, COMMENTS 


The emphasis on magnetic amplifiers should be directed towards 
definite applications in electronic equipment to increase reliability 
where this can be accomplished without an overall reduction in opera- 
tional performance. 


The unreliability of current electronic equipment is a very 
serious problem and evidence exists that the electron tube is the 
largest single factor in equipment failures. The following quotations 
are ui interest regarding the reliability of electronic equipment, in 
particular the electron tube. 


"For military services two factors are of extreme importance 
(1) an overwhelming problem of equipment maintenance; and (2) an 
almost insuperable demand on production facilities of the manufacturers 
in the event of total mobilization, making replacement of components 
and (or) equipment due to failures a serious problem. Any preventative 
measures taken now will result in high dividends during an emergency 
and for years to come. ''* 


"The developing complexity of electronic circuits, such as 
radars and sonars, make the tube problem a serious one, Data 
gathered for this study indicate that in equipments using components 
which meet military specifications or best commercial grades, the 
electron tube accounts for more than 50% of circuit failures. 


In one case an analysis on service calls over an eight week 
period showed that 72% of the breakdowns were due to tube failures. 


In Commercial Aircraft electronic equipment it is reported that 
70% of equipment failures are due to tube faults, even thought the tubes 
are ruggedized units whose average life has been improved by a factor 
of more than 24 over the standard commercial types. 


With an increasing number of tubes used, and greater reliability 


of other zomponents, the reliability of the equipment becomes more 
and more the reliability of the electron tube itself.''** 
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In other fields where reliability is paramount, the M/A is already 
being used or rapidly adapted to electrical machinery. 


Submarine engineers were among the first to visualize the impor- 
tance of this device from a reliability standpoint. Practically everything 
that moves in a submarine is being studied with a view to possible 
actuation by static controls, Relays subject to failure due to dust or 
sticking contacts are being replaced with magnetic amplifiers, Motor- 
generators and other components supplying delicate electrical instruments 
in these vessels have been regulated by M/A for some time; kits are also 
being provided to modify starter-regulators on electrical equipment on 
older type submarines to the more dependable static type control, 


Aviation engineers are considering M/A controls in many locations 
previously dominated by relay mechanisms. In these applications, the 
unreliability and fire hazard of a relay have always been a consideration, 


. Atomic energy engineers are also specifying M/A controls in many 
critical positions where a breakdown could cause astronomical losses in 
time and material once a reduction process has been started, In one 
application, single units capable of controlling currents up to 150,000 
amperes are being installed, 


The application of magnetic amplifiers to RF and other high speed 
wave forming circuitry are not considered as feasible of accomplishment 
within the immediate future. These applications will require long range 
developments. 


The applications based on the uses outlined in this article have had 


considerable development both in this country and abroad and therefore 
should be considered first for special applications, 


* Office of Naval Research - Monthly Research Report 1/50 
** Stanford Research Institute Terminal Report 11/50 
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APPLICATIONS 


(The following list of magnetic amplifier applications was 
originally submitted as an enclosure to a Bureau of Ships, Elec- 
tronic Design & Development memorandum dated 11 October 1950) 


1. "Applications of the Magnetic Amplifier" are listed as follows: 


a. AMPLIFIERS - AC or DC for current voltage and power. 
Example: Low level DC applications: Thermocouple and photo cell 
amplifier to directly operate motors and controllers. Amplification 
gains of several million can be realized without the use of electronic 
tubes but with rather long time constants. This is an excellent DC 
Amplifier. This amplifier is not subject to drift difficulties often 
encountered in electron tube installations. 


b. REGULATORS - (most common use) control of voltage, 
current and frequency of industrial power installations, ship main 
propulsion and auxiliary units, aircraft automotive electrical equip- 
ment, line to line voltage regulators independent of frequency. 
(Regulating applications have been thoroughly proven and should be 
considered for all auxiliary generators supplying power to electronic 
equipment - a large portion of electronic equipment failure can be 
attributed to poorly regulated power supplies.) 


c. RELAYS - Locking including normally closed, open or 
frequency sensitive relays. (The substitution of these units for 
mechanical relays should be considered for equipment used in the 
tropics, where contact and mechanical difficulties are encountered 
due to humidity and fungus, as they contain no contacts and moving 
parts and can be completely sealed.) 


d. SATURABLE REACTOR - Lighting control, variable impedance, 
etc. Single units are currently used to control up to 50,000 KVA. 
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e. MOTOR STARTER, ELECTRICAL WELDING AND AUTO- 
MATIC BATTERY CHARGING CONTROL - The effectiveness and 
sensitivity of regulating controls are considerably increased by the 
addition of a non-linear device such as a THYRITE or glow tube 
which can be connected to effectively amplify the error or act as a 
reference source themselves. 


f. CURRENT LIMITING REACTORS - Limiting power currents 
during short circuits. Limiting armature currents during slow motion 
or static conditions in follow-up motors. 


g. SERVO SYSTEMS - Complete, utilizing magnetic amplifiers 
as regulators, converters, computers, and as a complete replacement 
for thyratron and a rotary magnetic amplifier (amplidyne) system, at 
less cost and weight. 


h. INSTRUMENT AMPLIFIERS - Remote control, etc. 
i. SYNCHRONIZER - For automatic pulse and frequency control. 


j DIFFERENTIATION SYSTEMS - For course plotters and 
predictors (Example: Direct integration from DECCA, RAYDIST, 
LORAC and RADUK-I phase comparison meters to graphic course 
plotters) constant speed controls for Surveying, Wire Drag, Mine 
Laying, Convoys, etc. 


k. AUTOMATIC STABILIZERS & PILOTS - For submarine and 
aircraft. (AC power supply systems for aircrafts are well established 
making saturable reactor control extremely attractive.) 


l. IMPULSE STORING AND MEMORY DEVICES - 


m. TIMERS - Timing pulse generator for radar and loran equip- 
ment - Wave shaping, etc. (currently produced with frequency range 
between 25 cycles and 1 MC.) 


n. ELECTRICAL COMPUTERS - Add - subtract - multiply - 
divide - differentiate - or integrate electrical quantities. 


o. CONVERTERS - DC to AC - AC to DC. - Another method of 
converting DC to AC at both 60 and 400 cycles for the elcetronic equip- 
ment on auxiliary vessels equipped with DC main generators. Rotary 
converters and motor generators on any vessel have always been a 
maintenance problem. This application is still under development. 
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p. OSCILLATORS - Within limited frequency range. 


q. PHASE SHIFTERS - Reactance control to 1/4 cycle - 
currently used as phase shifters in grid control of mercury arc 
rectifiers - and pulse delay matching circuits in radar equipment. 


r. FUEL PUMP REACTOR DRIVES - (In location where 
relay starting and controls contacts sparks could cause an 
explosion). 


s. MODULATORS - Voice frequency modulators and RF 
carrier trigger circuits. Frequency shift keyers, etc. 


t. FREQUENCY MULTIPLIERS AND REDUCERS - Including 
telephone tone and rigging circuits up to RF. In one type of fre- 
quency multiplier a direct current flux is added to cause operation 
of the unit at the most efficient point for the generation of the 
desired harmonic, Another static type recently developed to con- 
vert 60 cycles to 420 has an efficiency of 60% with a considerable 
reduction in weight over comparable rotating equipment. 


u. SEISMOGRAPH AND MAGNETOMETER AMPLIFIERS - 
tide gauge, anticipator, audio gain sequence circuits, - Drift 
difficulties often encountered in these applications are usually 
reduced when this device is substituted for tube amplifiers, 


v. MULTIVIBRATORS - One shot and free running square 
wave generators. 


w. SWEEP GENERATOR - Trigger and pulse forming 
circuits for Radar and Loran equipment. 


x. COUNTER AND DIVIDERS - For loran, shoran and radar 
indicators. 


y. MINE AND SUBMARINE DETECTORS - 


Z. FIELD CONTROL FOR MAGNETIC FLUID CLUTCHES & 
MAGNETIC POWDER BRAKES - One manufacturer.has replaced 
the regular DC charging generator on an experimental bus witha 
400 cycle AC unit. The generator voltage is magnetic amplifier 
controlled to plus or minus 2% from idling to full speed, Magnetic 
amplifiers are then used to obtain optimum battery charging rates, 
and as remote controls for the powdered iron brakes, clutch and 
miscellaneous auxiliary equipment, including RF ignition systems, 
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ADVANTAGES 


2. The Magnetic Amplifier has several advantages for electronics 
which are as follows: 


a. They contain no moving parts. Maintenance of the unit with- 
out rectifiers is comparable to that of a conventional transformer. With 
rectifiers the life is governed by the type of rectifiers used - conventional 
radar germanium crystal rectifiers are used in the low powered units - 
dry disc in the larger units. These rectifiers are rated at 60,000 hours 
for normal operational demande, 


b. RUGGEDNESS - Shock resistance equivalent to that of a 
transformer of similar size, 


c. STABILITY - Less affected by variations in power supply 
voltage fluctuations in that there is no cathode emission change with 
filament temperature, (in low input and HF applications constant anode 
voltages are important). Unbalanced effects in balanced circuits due 
to cathode emission changes are practically eliminated because of the 
inherent stability of a rectifier compared to a hot cathode, 


d. OVERLOADING - A Magnetic Amplifier can carry overloads 
equal to an equivalent transformer. 


e, ENVIRONMENTAL - Can be hermetically sealed and incon- 
spicuously built in as part of the equipment. Normally requires little 
ventilation and can be installed in compartments with combustible 
material. 


f. HIGH GAIN - Power gain per stage is comparable to that of 
a vacuum tube stage. They can be cascaded almost to any power gain. 
The efficiency is also greater. 


g. CIRCUIT ISOLATION - The inputs and outputs are electri- 
cally isolated. 


h. SAFETY - Can be safely operated in enclosed areas where 
starting relays and control contact sparks could cause an explosion. 
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i. ADAPTABILITY - These amplifiers can be built with special 
shaped cores for mosaic installations in confined spaces. Amplifier 
gains can be changed simply by adjusting the DC fields. Gain control 
leads are less affected by stray RF pickup noises often encountered 
with high resistance high voltage components necessary in equivalent 
electron tube circuits. Separate low impedance gain windings may be 
added to the core if isolation is required; (permanent magnets with 
adjustable air gaps, may in certain applications be used to set fixed 
gain). Separate windings may also be used to introduce feed back, 
either positive or negative to obtain increased amplification or de- 
generation to improve the frequency response. In addition to the 
above, separate windings have been added to superimpose independ- 
ently varying signals in either phase relation or amplitude or both 
for specific purposes. 


j. These amplifiers are also excellent devices to use in con- 
junction with electron tubes for many applications. Tube controlled 
core saturation can be applied to many existing electron tube instal- 
lations with a resultant increase in stability operating range and 
overload protection. 


k. READINESS- They require no warm-up time. Example - 


Gun control units would not have to be kept continuously energized 
for instant use. 
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DISADVANTAGES 


3. Although this amplifier has advantages as given in paragraph 2 
it also has disadvantages and these are listed below: 


a. TIME CONSTANT - In general, the time constant is long 
compared to that of vacuum tubes and short compared to electro 
mechanical devices. Current servo production units have a lag of one 
cycle of exciting frequency. Pulse trigger circuits are being designed 
with lags of less than one microsecond with a HF Power source. 
Actualiy, it may be possible with modern materials and techniques to 
obtain time constants in most cases, comparable with those of vacuum 
tube circuits, especially in similar applications. 


b. IMPEDANCE RANGE - The impedance of a Magnetic Ampli- 
fier cannot be increased to infinity or decreased to zero - reflected 
impedances, therefore must be considered. With full output (core 
saturated) the output impedance is reduced almost to the DC resist- 
ance of the core windings and (if used) rectifiers. Inputs may be 
designed with an impedance of a fraction of an ohm to a megohm or 
more. 


c. AGING - If feedback units requiring rectifiers are used the 
life of the rectifier is the age determining factor. Modern dry type 
rectifiers, conservatively operated have a life expectancy many times 
that of a vacuum tube, and will stand considerably greater overload 
surges, and should not, once installed, require service or maintenance 
during a service life of at least five years. (The log book of the 
German Cruiser "PRINZ EUGEN" shows that not one of the various 
types of Magnetic Amplifier used on that vessel for gun stabilizers 
and servos, required servicing for a period of ten years). | 


d. FREQUENCY LIMIT - The upper frequency limit of a 
magnetic amplifier appears at the present stage of development to be 
about a half million cycles. It is assumed, without further investiga- 
tion, that this limit occurs due to eddy currents within the core, or 
winding capacity effects or both. Response of pulse repetition rates up 
to 400, 000 per second have been obtained with time constants of one 
microsecond, using 3 MC as excitation frequency. 
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e. CAPACITY - The capacity of the series saturated amplifiers 
currently produced are limited to around 10 kilowatt due to the size of 
the rectifiers. Shunt compound units have been built with capacities 
up to 50,000 KW. Theoretically there is no upper limit to power 
handling capacity of these amplifiers, likewise there is practically no 
lower limit; magnetic amplifiers are capable of amplifying signals 
too weak to penetrate the emission shot noises of a vacuum tube. 


1. Size: In many low powered applications the magnetic amplifier 
may be larger and heavier than competitive units. This is especially 
true in the 60 cycle components - The size of the core is almost 
inversely related to frequency. For a given size the 400 cycle ampli- 
fiers would have about five times the capacity of its 60 cycle counter- 
part. The linearity and response time is also improved almost 
directly in proportion to frequency. High speed replacement units for 
vacuum tubes, however, indicate that they may be much smaller and 
lighter than equivalent vacuum tube circuits. 


2. COST:. Initially, until mass production is established, these 
amplifiers will be more expensive than the components they replace. 
This is due not only to the necessity of absorbing part of the research 
cost in the first production units, but also to allow protection to cover 
any possible engineering problems that may develop in special appli- 
cations. Indications are that once mass production is established 
magnetic amplifiers can compete in cost not only with electron tube 
components but with the cheaper electromechanical devices as well. 


The uses indicated in the above list are but a few of the many 
applications. Not all of the magnetic amplifier applications mentioned 
are commercially available, as some are still in the experimental 
stage. Basic research on magneto-strictive magnetic amplifiers, 
oscillators and power units utilizing composite cores of nickel, iron, 
cobalt, in bridge circuits with permanent magnets for fractional 
saturation bias levels are now being studied for special applications. 


Magnetic amplifiers should not be considered as a substitute 
for all tubes and relays in control and regulating circuits. Each 
application should be weighed and balanced against competitive 
installations. In certain installations, these amplifiers may actually 
be larger, heavier and less suited than other means. A magnetic 
amplifier should be considered only if its advantages outweigh its 
disadvantages when compared with competitive means. 
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Magnetic amplifiers should be considered for applications 
within their limitations for many types of equipments now using 
vacuum tubes relays, rheostats, circuit breakers, meters, certain 
rotating devices, self-synchronous transmitters, receivers, etc, 
The reduction of vacuum tubes alone, by any device, is a considera- 
tion, when it is realized that the electronic equipment on a single 
battleship today requires over 7,500 tubes and the number is 
rapidly increasing. Aircraft Carriers require up to 13,000 tubes 
excluding equipment installed in planes and in specialized com- 
puters, Storage space requirements for three times this number 
of spares is also a consideration. 


The substitution of magnetic amplifiers for all mechanical 
regulating devices used on auxiliary power units supplying electronics 
equipment should be made mandatory, limited only to availability, 
These are relatively simple applications, and should be the first to be 
considered, 


Lieutenant Commander A, M. Vincent, USN, Code 815B, has 
been temporarily assigned to act as liaison officer between Electronics 
Design and Development Division, Naval research facilities and manu- 
facturers, primarily to expedite special applications in design. It has 
been found that due to the limited research in subject matter, a lag of 
at least a year is encountered before a production unit can be placed 
in service, Any contemplated specialized application should be routed 
through Code 815.” (1) 


(1) Original memo, dated 11 October 1950, 
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MANUFACTURERS 


The following is an incomplete but representative list of firms manufac- 
turing magnetic amplifiers or components thereof: 


Acme Electronics*, 300 N. Lake Ave., Pasadena, California 
Allis-Chalmers Manufacturing Company, Milwaukee, Wisconsin 

Arma Corporation, 254 - 36th Street, Brooklyn 32, N. Y. 

Bell Telephone Laboratories* (WE Co.), 120 Broadway, New York, N. Y. 
Bendix Radio Company (Bendix Aviation Corp.), Towson, Md. 

Bogue Electric Company, Paterson, N. L 

Collins Radio Company*, Cedar Rapids, Iowa 

Computer - Research*, Torrence, California 

Cook Research Laboratories*, 1457 Diversey Pkwy., Chicago 14, Ill. 
Eclipse - Pioneer (Bendix Aviation Corp.), Clifton, N. J. 

Engineering Research Associates, Inc.*, 1902 Minnehaha, St.Paul, Minn, 
Federal Telephone and Radio Company, Clifton, N. J. 

Ford Instrument Co. (Sperry Corp.), 3110 Thompson Ave,Long Is.City,N. Y. 
General Electric Company*, Schenectady, N. Y. 

Gilfillan Bros., Inc., Los Angeles, California 

Hanson-Gorrill-Brian Ine., Glen Cove, N. Y. 

Honeywell, Minneapolis, Minn. 

Inet, Inc., 8655 - S. Main St., Los Angeles 3, California 

I.T.E. Circuit Breaker Company, 19 Hamilton St., Philadelphia 30 Pa. 
Kearfott Manufacturing Corp., 75 Hudson Street, Newark, N. J. 

Lear, Inc., 110 Ionia Avenue, N.W., Grand Rapids, Michigan 

Magnetics, Inc., Butler, Pennsylvania 

Magnetic Amplifiers, Inc.*, 11-54 - 44th Drive, Long Is. City, N. Y. 
Minnesota Electronics, St Paul, Minn. 

North Electric Company, Galion, Ohio 

Pacific Electric Company, Los Gatos, California 

Raytheon Manufacturing Company*, Waltham, Mass. 

Servomechanisms, Inc., Imperial High & Sepulveda Blvd., Los Angeles, Cat 
Sola Electric Company, Chicago, Illinois 

Sperry Gyroscope Co.*, Great Neck, Long Island, N. Y. 

Telemark, Inc., 100 Greyrock Place, Stamford, Conn. 

Transducer Corp.*, 1085 Commonwealth Ave., Boston 15, Mass. 

United Transformer Co., 150 Varick Street, New York, N. Y. 

Varo Manufacturing Company, Garland, Texas 

Vickers, Inc. (Sperry Corp.), 1815 Locust St., St. Louis, Missouri 
Ward-Leonard Electric Company, Mt. Vernon, N. Y. 

Westinghouse Electric & Manufacturing Co., Pittsburgh, Pa. 

Willys - Overland Motors, Inc., Toledo 1, Ohio 

Willind-Pierce Corp, *, Redondo Beach, Calif. 

EDO Corp., Long Island, N.Y. 


* Including High Frequency Applications. 
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for Electrical Oscillations”. 

Osnos, M., U.S. Pat. 1,227,302, 22 May, ''Means for Controlling Alter- 
nating Currents” 
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Hartley, R.V.L., U.S. Pat. 1,287,982, 17 Dec. ‘‘Modulating System’’. 

Osnos, M., ETZ, Vol. 39, pp. 205-207, 216-218, ‘‘Shaltung und Bau der mit 
Gleichstrom geregelten Drosselspulen'', 

Schoenberg, L, U.S. Pat. 1,269,011, ‚11 June, “Method for Multiplying the 
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von Arco, G., and Meissner, A., U. S. Pat. 1,267,018, 21 May, “Transmitting 
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Besag, E., ETZ, Vol. 40, pp. 436-437, ‘‘Messung starker Gleichstrome 
auf grosse Entfernung’, | 
Bodde, T., U.S. Pat. 1,298,443, 25 Mar. ‘ Transforming Device’’. 


1920 


Alexanderson, E.F.W., U.S. Pat. 1,328,610, 20 Jan. “Method of and Means 
for Controlling High- Frequency Alternating Currents” c 

Alexanderson, E.F.W., U.S. Pat. 1,328,797, 20 Jan. ‘“Means for Controlling 
Alternating Currents’”’ 

Alexanderson, E.F.W., G. E. Rev., Oct. ‘“Transoceanic Radio Communica- 
tion . 

Bucher, E., G.E. Rev., Vol. 23, pp. 813-839, Oct. “The Alexanderson 
System for Radio Communication’’, 

Murphy, E.J., and Thompson, L.W., U.S. Pat, 1,337,942, 20 Apr. “Regulating 
System for Alternating Current Circuits’’ 

Thompson, L.W., U.S. Pat. 1,337,855, 20 Apr. ‘Regulating System for 
Alternating Curneht Circuits”, 
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Fondiller, W., and Martin, AIEE Jour., Vol. 40, pp. 149-158 Feb. 

ReQua, F.L., U.S. Pat. 1,390,543, 13 Sept. ‘ ‘Current Regulator”. 

Stoekle, E.R., U.S. Pat. 1,376,978, 3 May, ‘‘Regulator for Alternating 
Currents'', 
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Jonas, J., U.S. Pat. 1,434,346, 31 Oct. ''Apparatus for Regulating the 
Voltage of Metal Vapor Rectifier Installations’’. 

Kirke, W.B., U.S, Pat. 1,414,652, 2 May, “Regulating System for Alter- 
nating Current Circuits” e 

Schunk, H., and Zenneck, J., Jahrbuck I. Dractl. T. u.T., Bd. 19, pp. 149-158, 
Mar. ‘Über Schwingungskreise mit Eisenkernspulen’’. 

Thompson, L.W., U.S. Pat. 1,408,844, 7 Mar. ''Speed Regulation of Alter- 
nating Current Motors" 


1923 


Elmen, G.W., U.S. Pat. 1,470,965, 16 Oct. “Transmission System”. 

FitzGerald, A.S., U.S. Pat. 1,468,441, 18 Sept. “Protective Device for 
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Pungs, L., ETZ, Vol. 44, pp. 78-81, “Die Steuerung von Hochfrequenzstromen 
durch Eisendrosseln mit uberlagerter Magnetisierung''. 

Schunk, H., Archiv, fur Elec., Vol. 12, pp. 428-433, ''Der Wechselfluss einer 
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Blake, D.C., AIEE Trans., Vol. 43, pp. 937- 946, ** Applications of 
Saturable Core Reactors and Regulators’’. 

Boyajian, A., AIEE Trans., Vol. 43, pp. 919-936, 940- 946, June, “Theory 
of D-C Excited Iron Core Reactors and Regulators” e 

Boyajian, A., AIEE Jour., Oct. ‘Theory of D-C Excited Iron Core Reactors 
and Regulators''. 

Casper, L., Hubmann, K., and Zenneck, J., Jahrbuck I, Dractl. T.u.T., 
Bd. 23, pp. 63-77, April-May, ‘Experimentelle Untersuchungen uber 
Schwingungskreise mit Eisenkernspulen’’ : 

Doun, M., AIEE Trans., June, “Current Limiting Reactors’’. 

FitzGerald, A.S., U.S. Pat. 1,508,174, 9 Sept. “Control of Electric 
Switches’, 

Gerdien, H., U.S. Pat. 1,486,134, 11 Mar. ‘‘Means for Transmitting 
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Stoekle, E.R., U.S. Pat. 1 ‚479, 561, 1 Jan. “Regulating Means for Direct- 
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1925 


Cauer, W., Archiv. fur Elek., Vol. 15, p. 308. 

Charlton, O.E., and Jackson, J.E., AIEE Trans., Vol. 44, pp. 824-829, 
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Elmen, G.W., and Ort, C.F., U. S. Pat. 1,544, 381, 30 June, ““Method and 
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FitzGerald, A.S., U.S. Pat. 1,539,658, 26 May, "Protective Apparatus''. 

FitzGerald, A.S., U.S. Pat. 1, ‚549,478, 11 Aug. ‘ ‘Apparatus for the 
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FitzGerald, A.S., U.S. Pat. 1,551,380, 25 Aug. “Protective System’’. 

FitzGerald, A.S., U.S. Pat. 1, ‚560, 934, 10 Nov. “Alternating Electric 
Current Protective Apparatus” : 

Spooner, T., Phys. Rev., Apr. "Effect of a Superposed Alternating Field 
on Apparent Magnetic Permeability and Hysteresis Loss, 


1926 
Dornig, W., U.S. Pat 1,587,512, 8 June, High Frequency Transformer" : 
Elmen, G.W., U. S. Pat. 1 ,586, 885, 1 June, “Electromagnetic Device”. 


Wagner, K.W., U.S. Pat. 1,597,937, 31 Aug. ''High Frequency Three 
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Dornig, W., U.S. Pat. 1,618, 411, 22 Feb. “Electrical Frequency- 
Multiplying System’. 

Fallou, J.G., U.S. Pat. 1,633,481, 21 June, “Frequency Reducing Arrange- 
ment" 

Hanna, C.R., AIEE Trans., Vol. 46, pp. 128-131, Feb. “Design of 
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Circuits". 
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Spooner, T., PROPERTIES AND TESTING OF MAGNETIC MATERIALS; 
New York, McGraw-Hill. 
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Peterson, E., U.S. Pat. 1,810,326, 16 June, ‘“Wave Modulation and Application 
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Sorensen, A.J., U.S. Pat. 1,824,577, 22 Sept. “Electrical Translating 
Apparatus", 
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Wentz, E.C., Elec, Jour., Vol. 28, pp. 561-563, Oct. 1931, “Direct Current 
Controlled Reactor”. 
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Bedell, F., and Kuhn, J., Rev. Sci. Inst., Jan. ‘“Voltage-Regulating Auto- 
Transformer", 

Belt, T.A.E., U.S. Pat. 1,849,820, 15 Mar. ‘‘Combination Electrical Regulator". 

Boyajian, A., and DeBlieux, E.V., U.S, Pat. 1,870,093, 2 Aug, “Electrical 
Regulator". 

Burton, E.T., U.S. Pat, 1,858,037, 10 May, “Zero Correcting Circuit", 

Case, B.A., U.S. Pat. 1,874,240, 30 Aug. “Electrical Circuit Regulator". 

Davis, R.L., U.S, Pat. 1,839,869, 5 Jan. ‘“Voltage Regulator for Radio Trans- 
mitters’’, 

Dowling, P.H., U.S. Pat. 1,842,392, 26 Jan. “Electrical Translating Apparatus’. 

Dowling, P.H., U.S. Pat. 1,852,704, 5 Apr. “Electrical Apparatus”, | 

Dowling, P.H., U.S, Pat. 1,862,211, 7 June, “Electrical Translating Apparatus”, 

Dowling, P.H., U.S. Pat. 1,862,212, 7 June, “Electrical Translating Apparatus”, 

Dowling, P.H., U.S. Pat. 1,878,764, 20 Sept. “Electrical Translating Apparatus”, 

Dowling, P.H., U.S. Pat. 1,891,044, 13 Dec. “Electrical Translating Apparatus”, 

Lee, F.W., U.S. Pat. 1,855,639, 26 Apr. 1932, “Electrical Translating Appa- 
ratus", reissued as U.S. Pat. Re. 19,129, 3 Apr. 

McCarty, C.P., and Boyajian, A., U.S. Pat. 1,875,250, 30 Aug. ““Electrical 
Frequency Changer”. 

McEachron, K.B., U.S. Pat. 1,857,160, 10 May, ‘‘Rectification of Alternating 
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Peterson, E., U.S. Pat. 1,884,844, 25 Oct. “Magnetic Wave-Amplifying 
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Peterson, E., U.S. Pat. 1,884,845, 25 Oct. “Magnetic Amplifier". 
Seeger, E.V., U.S. Pat. 1,848,847, 8 Mar. “Controller for Electric Motors”. 
Smith B.M., and Concordia, C., Elec. Engrg., Jan. “Measuring Core Losses 
at High Densities’’. 
Sorensen, A.J., and Dowling, P.H., U.S, Pat. 1,862,203, 7 June, “Electrical 
Translating Apparatus”, 
Sorensen, A.J.,.U.S. Pat. 1,862,204, 7 June, “Electrical Translating Apparatus”. 
Stoller, H.M., U.S. Pat. 1,849,646, 15 Mar. "Motor Control System”. 
Suits, C.G., Elec. World, Vol. 99, pp. 1098-1099, June, aad Elec, World, 
Vol. 101, p. 321, Mar. 1933, ‘“‘Flashing Lights Without Moving Parts”. 
Suits, C.G., U.S. Pat. 1,885,155, 1 Nov. “Control of Constant Current Circuits”. 
Thompson, L.W., U.S. Pat. 1,843,745, 2 Feb, “Electrical Regulating Means’’, 
Thompson, L.W., U.S. Pat. 1,844,704, 9 Feb. ‘‘Electrical Control System”, 
Thompson, L.W., U.S. Pat. 1,878,350, 20 Sept. “Electrical Regulating Means”. 
Williamson, K.T., and Seaverson, O.L, U.S. Pat. 1,861,516, 7 June, ““Battery 
Charging Apparatus”. 
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Arkenburgh, W.H., U.S. Pat. 1,902,485, 21 Mar. “Electrical Control System’’. 

Bagnall, R.L, U.S. Pat. 1,896,995, 7 Feb. “Means for Voltage Regulation in 
Alternating Current Supplies’’, 

Bedford, B.D., U.S. Pat. 1,918,173, 11 July, “Phase Shifting Circuits”. 

Burton, E.T., U.S. Pat, 1,917,921, 11 July, “Frequency Changer System”, 

Dowling, P.H., U.S. Pat. 1,910,381, 23 May, “Electrical Translating Apparatus”. 

Ed., Power Plant Engrg., May 1933, “Rectifier and Reactance Combinations”. 

FitzGerald, A.S., U.S. Pat. 1,893,766, 10 Jan. “Electric Translation Circuits", 

FitzGerald, A.S., and Gaines, F.L., U.S. Pat. 1,893,767, 10 Jan. ‘“Electric 
Regulator’’, 

FitzGerald, A.S., U.S. Pat. 1,893,768, 10 Jan. “‘Electric Regulator”. 

FitzGerald, A.S., U.S. Pat. 1,914,201, 13 June, “Electric Control System”, 

FitzGerald, A.S., U.S. Pat. 1,919,627, 25 July “Exercising Apparatus”, 

FitzGerald, A.S., U.S. Pat. 1,929,059, 3 Oct. “Electric Fault Responsive 
Apparatus’’, 

Griffith, R.C., U.S. Pat. 1,926,280, 12 Sept. “Electric Regulating System”. 

Holberg, M.M., G.E. Rev., May, ““New Developments in Synchronous Motor 
Control", 

Hunter, R.B., U.S. Pat. 1,931,799, 24 Oct. ‘‘Method of and Apparatus for Con- 
trolling Electric Circuits”, 

Jones, B.W., U.S. Pat. 1,905,720, 25 Apr. “Motor Starter”. 

Kouyoumjian, H.K., U,S. Pat. 1,896,316, 7 Feb. "Electric Controlling Apparatus". 

Morecroft, J.H., PRINCIPLES OF RADIO COMMUNICATION, New York, John 
Wiley and Sons, p. 752. 

Nagashev, B.V., U.S. Pat. 1,920,803, 1 Aug. "Control System for Alternating 
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Schmidt, A., Jr., U.S. Pat. 1,921,703, 8 Aug. “Variable Reactance Device”. 

Schmidt, A., Jr., U.S. Pat. 1 ‚935. 460, 14 Nov. ' ‘Electric Valve Circuits”. 

Simpson, W.P., G.E. Rev., Vol, 36, July, ‘ ‘Saturable Reactors for Airport 
Lighting Control”. 

Simpson, W.P., G.E. Rev., Vol. 36, pp. 326-327, July, “An Identification Tag 
for Airport". 

Sola, J.G., U.S. Pat. 1 ‚893,251, 3 Jan. “Voltage Compensator’’. 

Sorensen, A.J., and Dowling, P. H., U.S. Pat. 1,914,220, 13 June, ''Electrical 
Translating Apparatus”. 

Suits, C.G., Elec. Engrg., pp. 244-246, April, ‘‘Non-Linear Circuits Applied 
to Relays”. 

Suits, C.G., U.S. Pat. 1 ‚921,786, 8 Aug. ‘‘Non-Linear Circuit”, reissued as 
U.S. Pat. Re. 20, 317, 30 Mar. 1937. 

Suits, C.G., U.S. Pat. 1,921,787, 8 Aug. “Pulsation Apparatus”. 

Suits, C.G., U.S. Pat. 1,940,335, 19 Dec. “Electrical Time Delay Apparatus”. 

Summers, C.M., G.E. Rev., April, ‘“Mathematical Expression of a Saturation 
Curve . 

Wensley, R.J., U.S. Pat. 1,930,545, 17 Oct. “Current-Controlling Apparatus”. 


1934 


Austin, T.M., Copper, F.W., Elec. Engrg., Vol. 53, Feb. “Voltage Regulator 
Using Saturable Reactor” 

Austin, T.M., and Cooper, F W., Elec. Engrg. Vol. 53, pp. 293-300, Feb, “Two 
Applications of Non-Linear Circuits” 

Bauer, F., and Kafka, E.W., U.S. Pat. 1 ‚947, 075, 13 Feb. “Dry Rectifier”. 

Brown, M.J., U.S. Pat. 1 ‚955,322, 17 Apr. “Motor -Control Scheme”, 

Cairns, C.F., U.S. Pat. 1 ‚942, 535, 9 Jan. “Voltage Regulation System”. 

Crouse, G.B. and Jatlow, 1. L., U.S. Pat. 1 ‚952,974, 27 Mar. “Voltage Regulator". 

FitzGerald, A.S., U.S, Pat. 1,944,072, 16 Jan. “ Automatic Reclosing Circuit 
Breaker System”, 

FitzGerald, A.S., U.S. Pat. 1,948,372, 20 Feb. “Regulating System’’. 

FitzGerald, A.S., U.S. Pat. 1,980,395, 13 Nov. ‘‘Electroresponsive System”. 

FitzGerald, A.S., U.S. Pat. 1 ‚985, 562, 25 Dec. ‘Multiple Circuit Proportional 
Control System’’, 

Gullikson, F.H., Electronics, Vol. 7. p. 179, June, "Electron Tube Motor 
Control" 

Kierstead, F. .H., and Bowley, L.V. Elec. Engrg., Mar. ‘‘Shunt Resistors for 
Reactors” 

Lee, F.W., U.S. Pat. Reissue Re 19,129, 3 April, “Electrical Translating 
Apparatus’’, from original U.S. Pat, 1 ‚855, 639, 26 Apr. 1932. 

Logan, F.G., U.S. Pat. 1,963,093, 19 June, ‘ ‘Electric Controlling Apparatus". 

Logan, F.G., U.S. Pat. 1 ‚997, 193, 16 Oct. ‘Electric Controlling Apparatus” 

Logan, F.G., U.S. Pat. 1, ‚981, 921, 27 Nov. “Electric Controlling Apparatus . 

Logan, F.G., U.S. Pat. 1, ‚982, 007, 27 Nov. “Electric Controlling Apparatus”. 


97 


1934 


Maier, K., ETZ, Vol. 55, pp. 1026-1029, “Eine neue Kippdrossel’’. 

Nagashev, B.V., U.S. Pat. 1,969,520, 7 Aug. “Electric Motor”. 

Neiss, O., U.S. Pat. 1,968,346, 31 July, ‘Method of Producing an Unsym- 
metrical Alternating Voltage”. 

Power, J.R., U.S. Pate 1,943,088, 9 Jan. “Rectifer System”. 

Roulle, E., Revue Generale de L’Electricite, Vol. XXXVI, pp. 715-738, 
24 Nov; pp. 763-780, 1 Dec; pp 795-819, 8 Dec; pp. 841-858, 15 Dec; 
"Contribution a l’etude experimentele de la ferro-resonance’’. 

Sheuring, W., Eu.M., Vol. 52, pp. 326-328, “Die Spannungsregulierung 
mittels gleichstromvorerregter Transformatoren”, 

Stoller, H.M., U.S. Pat. 1,965,439, 3 July, ‘““Regulated Rectifier Circuit", 

Suits, C.G., U.S. Pat. 1,968,576, 21 July, *'Control Apparatus for Alter- 
nating Current Circuits". 

Werner, W.S., U.S. Pat. 1,967,108, 17 July, “Voltage Regulating Apparatus”. 

Physics, July, “Permeability Changes in Ferromagnetic 
Materials”. 
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Askey, R.O., U.S. Pat. 1,995,530, 26 Mar. “Voltage Regulator”. 
Barth, J.B., Elektroteknisk Tidsskrift, Vol. 48, no, 7, pp. 85-87, 5 Mar. and 
Vol, 48, no. 8 pp. 98-99, 15 Mar. “Alternating Fields and Eddy Currents 
in Solid Iron at High Magnetic Saturation”. 
Bedford, B.D., U.S. Pat. 1,985,912, 1 Jan. "Electric Valve Converting System”. 
Bedford, B.D., U.S. Pat. 1,986,617, 1 Jan. “Electric Valve Translating 
Circuit”. 
Bozorth, R.M., Elec. Engrg., Nov. “Present Status of Electromagnetic Theory”. 
Brown, M.J., Radio News, Vol, 16, pp. 540-541, Mar. ''Design of Saturable 
Core Reactors”. 
Chambers, D.E. Elec, Engrg., Vol. 54, pp. 82-92, Jan. “Application of 
Electron Tubes in Industry”. 
Cravath, A.M., U.S. Pat. 1,987,730, 15 Jan. “Electrical Transmitter’. 
Dillinger, J.F., and Bogorth, R.H., Elec. Engrg., Sept. "Beat Treatment of 
Magnetic Materials in a Magnetic Field, I and IT’, 
Elmen, G.W., Elec. Engrg., Dec. “Magnetic Alloys of Iron, Nickel and Cobalt", 
Emmerling, A.A., U.S. Pat. 1,996,041, 26 Mar. ''Electrical Regulator”. 
FitzGerald, A.S., U.S. Pat. 1,988,271, 15 Jan. ‘Electric Valve Circuit". 
FitzGerald, A;S., U.S. Pat. 2,021,099, 12 Nov. "Electric Control System”. 
FitzGerald, A.S., U.S. Pat. 2,026,124, 31 Dec. ‘‘Automatic Regulating System”. 
Fountain, L.L., U.S. Pat. 2,015,586, 24 Sept. “Regulator System". 
Gussakov, V.D., Elektrichestvoo, pp. 47-50, Oct. “‘Induction of D-C Saturable 
Reactors”. 
Logan, F.G., U.S. Pat. 1,986,112, 1 Jan. “Electric Controlling Apparatus”. 
Logan, F.G., U.S. Pat. 1,997,179, 9 Apr. “Electric Controlling Apparatus”. 
Logan, F.G., U.S. Pat. 2,003,945, 4 June, “Electric Controlling Apparatus”. 
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1935 


Pederson, P.O., Jour. Acous. Soc. Amer., pp. 227-228, 6 Apr. and pp. 64- 70 
7 July, ‘“Subharmonics in Fofced Oscillations in Dissipative Systems”, 

Power, J.R., U.S. Pat. 2,000,189, 7 May, “Regulated Rectifier”, 

Schmutz, O., U.S. Pat. 1 ‚997, 657, 16 Apr. “Regulating System”. 

Stansbury, C., U.S. Pat. 2,013,221, 3 Sept. “Motor Controller”, reissued as 
U.S. Pat. Re. 19,853, 11 Feb. 1936. 

Steenbeck, M., and Schmutz, O., Siem. Zt., Vol. 15, pp. 201-204, Barden $ 
richtersteunung mit Thermoelementen und magnetischen Verstarker” 

Stoller, H.M., U.S. Pat. 1,996,495, 2 Apr, ' ‘Voltage Regulator”, 

Suits, C.G., U.S. Pat. 1, 989, 500, 29 Jan. ` ‘Electric Translating Circuit", 

Suits, C.G., U.S. Pat. 2, 006,970, 2 July, ` ‘Control of Constant Current Circuits". 

Suits, C.G., U.S. Pat. 2, 010, 614, 6 Aug. ‘ ‘Electric Pulsating Apparatus”. 

Suits, C.G., U.S. Pat. 2,011, 380, 13 Aug. “Electrical System Providing 
Sequence Operation’’. 


1936 


Boyajian, A., U.S. Pat. 2,040,684, 12 May, ‘Electric Circuit Control Means”. 

Burke, B.S., Heck, C.V., U.S. Pat, 2,057,512, 13 Oct. “Potential Control 
. System”. 

Contwell, J.L., Elec. Engrg., July, “Frequency Tripling Transformers”. 

Drake, C.W., Elec. Jour., Vol. 33, pp. 178- 180, Apr. ‘‘Saturable Reactor 
Starters for Synchronous Motors 

Drake, G.W., Elec. Jour., Vol, 33, p. 213, May, ‘‘Angle Switching of 
Synchronous Motors”. 

Edwards, D.V., U.S. Pat. 2,040,768, 12 May, “Electrical Standard’. 

FitzGerald, A.S., U.S. Pat. 2, 027, 311, 7 Jan. ‘‘Magnetic Amplifier”. 

FitzGerald, A.S., U.S. Pat. 2, ‚027, 312, 7 Jan. “Magnetic Amplifying and 
Control System” e 

FitzGerald, A.S., privately published at Haverford College, Haverford, Pa., 
June, “DESCRIPTIVE BULLETIN NO. DB- 61, SATUREX', 

FitzGerald, A.S., U.S. Pat. 2,050,882, 1 Aug. “Automatic Circuit Breaker 
System”. 

LaPierre, C.W., U.S. Pat. 2, 053,154, 1 Sept. “Direct Current Indicator”. 

Lee, R., Electronics, Sept. ‘ ‘Reactors in DC Service”. 

Locke, A.R., U.S. Pat. 2,044,006, 16 June, “Control System”. 

Logan, F.G., U.S. Pat. 2, 036, 708, 7 Apr. “Electric Controlling Apparatus" : 

Logan, F.G., U.S. Pat. 2, ,040, 492, 12 May, ''Rectifier Regulator”. 

Logan, F.G., U.S. Pat. 2, 047, 915, 14 July, “Electric Controlling Apparatus". 

McCandless, S.R., and Wolff, F. M., Illum, Engrg. Soc. Trans., Vol. 31, pp. 41- 
68, Jan. “Electrical Control for Varying Lighting Intensities’’. 

Pakala, W.E., U.S. Pat. 2,036,233, 7 Apr. “Control System for Arc Welding". 

Pender, H., and McIlwain, K., ELECTRICAL ENGINEERS’ HANDBOOK, 
New York, John Wiley and Sons, pp. 4-20 to 4-23, 

Peterson, E., and Wrathall, L.R., IRE Proc., Vol. 24, pp. 275- 286, 1936. 

Seeley, H.T., U.S. Pat. 2,031,509, 18 Feb. “Electric Control Means" ; 
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1936 


Stansbury, C., U.S. Pat. Reissue Re. 19,853, 11 Feb. "Motor Controller’, 
from original U.S. Pat. 2,013,221, 3 Sept. 1935. 

Turner, A.H., U.S. Pat. 2,026,758, 7 Jan. “Secret Signalling’’. 

West, C.P., and Applegate, L.D., Elec. Jour., Vol. 33, pp. 181-183, 1936, 

* “A Generator-Voltage Regulator Without Moving Parts”. 

Wiskott, W., and Friedlander, E., U.S. Pat. 2,046,496, 7 July, "Arrangement 
for Maintaining Constant Line Power Transmission’, 

Wolfert, E.R., and Wentz, E.C., U.S. Pat. 2,039,044, 28 Apr. “Regulating 
System”. 


1937 


Aggers, C.V., and Pakala, W.E., Elec. Jour., pp. 55-57, Feb. “DC Controlled 
Reactors'', 

Amsden, R.D., U.S. Pat. 2,082,607, 1 June, “Electrical Control System’. 

Bedford, B.D., U.S. Pat. 2,103,996, 28 Dec. '*Constant Current Magnetic Bridge, 

Bedford, B.D., U.S. Pat. 2,103,997, 28 Dec. “Electric Control Circuit”. 

Croden, W.T., U.S. Pat. 2,086,120, 6 July, "Control System’’, reissued as U.S. 
Pat. Re. 21,407, 26 Mar. 1940, 

Ed., Electronics, p. 28, Oct. *'Reactance Amplifiers”. 

Edwards, M.A., and Kane, G.A., U.S. Pat. 2,084,900, 22 June, ''System of 
Electrical Distribution’’. 

Emmerling, A.A., U.S. Pat. 2,074,145, 16 Mar. “Electric Circuit Control Means", 

FitzGerald, A.S., U.S. Pat. 2,074,835, 23 Mar. ''Electric Elevator Indicating 
System". 

FitzGerald, A.S., Elec. World, Vol. 107, p. 82, '*Control Scheme Uses Tubeless 
Amplifier”. 

FitzGerald, A.S., Elec. World, Vol. 107, No, 19, p. 1592, 8 May, ‘‘Control 
Scheme Uses Tubeless Amplifier’’, 

FitzGerald, A.S., Electronics, Vol. 10, pp. 28-30, ‘‘Reactance Amplifiers”. 

FitzGerald, A.S., U.S. Pat. 2,100,313, 30 Nov. ‘Traffic Control System”. 

Foos, C.B., U.S. Pat. 2,079,500, 4 May, “Electrical Control Circuit”. 

Graff, J. W., and Spurgeon, S.J., U.S. Pat. 2,079,206, 4 May, ''Voltage 
Regulating Equipment’. 

Hauffe, G., ETZ, Vol. 58, pp. 990-993, ““Anwendung gleichstromvormag 
netisierter Drosselspulen in der Starkstromtechnik’’, 

Hauffe, G., ETZ, Vol. 58, pp. 937-940, 989-990, **Gleichstromvormagnetsierte 
Drosselspulen’’. 

Jenks, H.C., U.S. Pat. 2,100,715, 30 Nov. “Energizing System’’. 

Kramer, W., ETZ, Vol. 58, pp. 1309-1313, ''Ein einfacher Gleichstromwandler 
mit echten Stromwandlereigenschaften’’. 

Logan, F.G., U.S. Pat. 2,067,143, 5 Jan. “Electric Controlling Apparatus’’. 

Logan, F.G., U.S. Pat. 2,068,188, 19 Jan. “Electric Controlling Apparatus’’. 

Logan, F.G., U.S. Pat. 2,074,552, 23 Mar. ‘‘Voltage Regulator"', 

Logan, F.G., U.S. Pat, 2,078,880, 27 Apr. “Electric Controlling Apparatus’’, 


60 


1937 


Logan, F.G., U.S. Pat. 2,092,319, 7 Sept. “Electric Controlling Apparatus’’, 

Moyer, E.E., U.S, Pat. 2,078,152, 20 Apr. ‘‘Phase Shifting Circuit’’. 

Partridge, G.F., Phil. Mag., Vol. 23, pp. 99-106, ““The Inductance of Iron- 
Cored Coils Carrying Direct Current”, 

Perry, W.R., U.S. Pat. 2,102,911, 21 Dec. “Motor Control System’’, 

Peterson, E., Manley, J.M., and Wrathall, L.R., Elec. Engrg., Aug. ''Magnetic 
Generation of a Group of Harmonics’’, 

Phillips, H.E., U.S. Pat. 2,079,466, 4 May “Electrical Control System" ; 

Philpott, L.V.R., U.S. Pat. 2,066,943, 5 Jan. ° ‘Regulating System . 

Schmidt, A., Jr., U.S. Pat. 2, 084, 870, 22 June, ‘System of Electrical 
Distribution”. 

Stocker, C.P., U.S. Pat. 2,088,618, 3 Aug. “Frequency Reducing System ` E 

Suits, C.G., U.S. Pat. Reissue Re. 20,317, 30 Mar. ‘‘Non-Linear Circuit’’., 
from original U.S, Pat. 1,921,786, 8 Aug. 1933. 

Travis, LA., and Weygandt, C.N., AIEE Tech. Paper 37- 93, Dec. *'Subharmonics 
in Circuits Containing Iron-Cored Inductors’’. 

Vulfson, K., Jour. Tech. Phys., Vol. 7, No. 11, p. 1170, “The Magnetic Amplifier . 
(abstract 311 of 1938 Wireless Engr.). 

Wasserrab, T., Archiv, fur Elek., Vol, 31, pp. 814-821, Dec. “Zur qualitativen 
Theorie gleichstromvormagnetisierter Eisendrosseln’’. 

Way, K.]., Electronics, Vol, 10, July, pp. 14-16, “Voltage Regulator Using 
Magnetic Saturation’’. 

West, C.P., U.S, Pat. 2,066,919, 5 Jan. “Regulating System’’, 

Wrathall, L.R., Bell Labs. Rec., p. 357, July, “Carrier Generation", 

Young, H.E., U.S. Pat, 2,085,060, 29 June, “Constant Current System'', 


1938 


Aggers, C.V., U.S. Pat. 2,114,827, 19 Apr. “Battery Charging Regulator’’. 

Bedford, B.D., U.S. Pat, 2, 126, 603, 9 Aug. “Electric Valve Circuits”. 

Bedford, B -D., U.S. Pat. 2, 130,412, 20 Sept. ‘Electric Control and Indicating 
Circuits” i 

Behrens, T. A., U.S. Pat. 2,107,360, 8 Feb. “‘Alternating Current Control 
Apparatus’’. 

Boardman, E.M., U.S. Pat. 2,108,642, 15 Feb. “Magnetic Device’. 

Chonan and Watanabe, Nippon Elec, Comm. Engr., p. 184, Apr. ''On a Method 
of Amplifying a D.C. Voltage”. (abstract 3149 of 1938 Wireless Eng.). 

Craig, P.H., U.S. Pat. 2,138,732, 29 Nov. “Electric Regulator'', 

Dawson, J.W., U.S. Pat, 2, 140, 349, 13 Dec. “Change Amplifying Means'', 

FitzGerald, A.S., U.S. Pat. 2, 129, 920, 13 Sept. “Electric Control System’’. 

Forssell, H., and Ofverholm, H., U.S. Pat. 2,128,771, 30 Aug. “Regulating 
Means for Current Rectifying or Converting Apparatus". 

Heddings, L.K., U.S. Pat. 2,136,243, 8 Nov. ''Electrical Regulating Apparatus 
for Rectifiers”. 
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1938 


Herzenberg, G.R., Automatika and Telemechanika, No. 2, p. 35, ‘The Saturation 
Choke Coil as a Power Amplifier’’, (abstract 4285 of 1938 Wireless Engr.). 

Keller, E.G., Jour. Franklin Inst., Vol. 225, No. 5, p. 561, May, “Resonance 
Theory of Series Non-Linear Circuits"' 

Kramer, W., ETZ, Vol. 59, pp. 1295-1298, “Ein neuer ‚Gleichspannungs- 
messwandler zur Messung Hoher Gleichspannungen’’ ; 

Logan, F.G., U.S. Pat. 2,118,440, 24 May, “Electric Controlling Apparatus’’, 

Logan, F.G., U.S. Pat. 2,126,790, 16 Aug. “Electric Controlling Apparatus”. 

Maus, G., El, Nachr. Techn., Vol. 15 pp. 369-379, '*Untersuchungen an 
Hoc hfrequenzapulen mit Eisenbandkermen bei veranderlicher Gleich- 
stromvormagnetisierung”. 

Odessey, P.H., and Weber, E., AIEE Trans., Vol. 57, pp. 444-452, Aug. “Critical 
Conditions in Ferroresonance'', (prepublished as AIEE Tech. Paper 37-134, 
Dec. 1937). 

Reuss, K., Archiv. fur Elek., Vol. 33, pp. 777-800, 1938, ''Die Ver- 
starkerdrossel''. 

Schmidt, A., Jr., U.S. Pat. 2,112,051, 22 Mar. “Electric Control System" n 

Suits, C.G., U.S. Pat. 2,137,148, 15 Nov. “Electric Valve Circuits '. 

Thomson, W.T., AIEE Tech. Paper 39-75, 1938, ““The Generalized Solution 
for the Critical Conditions of the Ferroresonant Parallel Circuit’ 

Thomson, W.T., AIEE Trans., Vol. 57, pp. 469-476, Aug. ‘‘Resonant Nonlinear 
Control Circuits’’, (Prepublished as AIEE Tech. Paper 37-66, Dec. 1937). 

Travis, L, and Weygandt, C.N., AIEE Trans., Vol. 57, pp. 423- 431, Aug. and 
Vol. 58 (Supplement 1939, pp. 735-742), ““Subharmonics in Circuits Con- 
taining Iron-Cored Reactors’’, (also, AIEE Tech Papers 37-93, Dec. 1937 
and 39-14, Dec. 1938). 

Valentine, C.E., and Thornburg, V.E., U.S. Pat. 2,137,068, 15 Nov. ‘‘Contactless 
Regulator". 

Vassiliere-Arlhac, J., Bull. Soc. Franc. Electr., Vol. 8, pp. 834-838, 1938; and 
Rev. Gen. Electr., Vol. 46, pp. 54-56, 1939, ““Transformateurs d Intensite 
Statique a Courant Continu’’, 

Wrathall, L.R., U.S. Pat. 2,117,752, 17 May, ''Harmonic Producer", 


1939 


Barton, L.E., U.S. Pat. 2,166,674, 18 July, ''Indicating Device”. 

Bedford, B.D., U.S. Pat. 2, 157, 812, 9 May, „Electric Valve Circuit”. 

Bedford, B.D., U.S. Pat. 2, 169, 866, 15 Aug. “Electric Control and Indicating 
Means . 

Burton, E.T., U.S. Pat. 2,147,688, 21 Feb. „Magnetic Impulse Storing Device”. 

Burton, E.T., U.S. Pat. 2,164,383, 4 June, ‘ ‘Magnetic Device’’. 

Dahlgren, F., ERA (Sweden), Vol. 12, pp. 51- 52, *"Transduktorn, ett elektriskt 
regleringsorgan med mangsidig anvandning’’. 

Dellenbaugh, F.S., Jr., U.S. Pat. 2,175,379, 10 Oct. **Regulating System" e 

Edwards, M.A., U.S. Pat. 2,142, 837, 3 Jan. “Discharge Lamp System’’. 
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1939 


Edwards, M.A., U.S. Pat, 2,169,093, 8 Aug. ‘Electrical Control System’’, 

FitzGerald, A.S., U.S, Pat. 2, 145, 591, 31 Jan. “Electric Indicating and 
Control System’’. 

FitzGerald, A.S., U.S. Pat. 2,168,402, 8 Aug. ‘‘Pulsating Electrical Control 
System", 

Hanley, S.M., U.S. Pat. 2,144,289, 17 Jan. “Automatic Regulating Apparatus 
for Current Supply Systems”. 

Hanley, $.M., U.S. Pat. 2,144, 290, 17 Jan. “Automatic Regulating Apparatus 
for Current Supply Systems" A 

Hanley, S.M:, U.S. Pat. 2,182,666, 5 Dec, ‘Electrical Regulating System”, 

Hartel, W., Archiv. fur Elek., Vol. 33, pp. 585-592, Sept. ‘ "Ueberschlagige 
Berechnung von gleichstromvormagnetisierten Drosseln’’, 

Hauffe, G., Archiv. fur Elek., Vol. 33, pp. 41-47, “Beitrag sur qualitrativen 
Theorie gleichstromvormagnetisierter Eisenkern-Drosselspulen", 

gag comic W: U.S. Pat. 2,173,905, 26 Sept. ‘“Voltage-Compensating Trans- 
ormer”. 

Kern, E., U.S. Pat. 2,148,049, 21 Feb. “Electric Valve Control System’’, 

Kettler, C.J., U.S. Pat. 2,149,092, 28 Feb. ''Saturable Core Detector”. 

Kramer, W., ETZ, Vol. 60, pp. 393-395, ““Fremderregte Stromwandler als 
Universalwandler zum Oscillographieren von Wechselstromen mit 
Gleichstrongliedern’’, 

Kramer, W., U.S. Pat. 2,153,377, 14 Apr. “Direct Current Measurement Means", 

Kramer, W., U.S. Pat. 2,153,378, 14 Apr. “Current Responsive Arrangement", 

Lamm,A.U., ASEA Tidning, Vol, 31, pp. 18-31, “Transduktorer’’. 

Lamm, A.U., ASEA Jour., May and June, ‘“Transductor and Its Applications", 
Ledward, T.A., Jour. LE.E., Vol. 84, No. 505, p. 113, Jan. ''Some Polarization 
Phenomena in Magnetic Materials with Special Reference to Nickel-Iron 

Alloys", also discussion, p. 139. 
Legg, W.E., Bell Syst. Tech, Jour., July, ‚Survey of Magnetic Materials and 
Applications in the Telephone System”. 
Logan, F.G., U.S., Pat. 2,161,179, 6 June, "Electric Conti olling Apparatus". Gr 
Manley, J.M., U.S. Pat. 2, 150, 386, 14 Mar. ''Harmonic Producer'', 
Murcek, S.J., U.S. Pat. 2, 179, 299, 7 Nov. ‘‘Self-Regulating Battery Charger ` : 
Peterson, E., U.S. Pat. 2, 146, 091, 7 Feb, ‘‘Harmonic Producing Apparatus”, 
Rasmusson, E.J., U.S. Pat. 2, 165, 111, 4 July, “Control System’ d 
Sabbah, C.A., U.S. Pat. 2, 168, 173, 1 Aug. ‘‘Transforming Means’’, 
Teare, W.H., U.S. Pat. 2, 160, 688, 30 May, “Electric Valve Circuit”. 
Teldbaum, A.A., Automatika and Telemechanika, No. 5, p. 29, 1939, “The 
Magnetic Voltage Amplifier", also Abstract 4235, Wireless Engr., 1940. 
Thomson, W.T., AIEE Trans. Vol. 58, Supp., p. 743, “The Generalized Solution 
for the Critical Conditions of the Ferroresonant Parallel Circuit”, 

Thomson, W.T., AIEE Trans., Vol. 58, No. 3, p. 127, Mar. ''Similitude of 
Critical Conditions in Ferroresonant Circuits”, 

Walker, A.H.B., U.S. Pat. 2,177,556, 24 Oct. “Apparatus for Automatically Con- 
trolling the Current in an Alternating Current Circuit’’, 

Young, H.E., U.S. Pat. 2,154,020, 11 Apr. “Constant Voltage System’’, 
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1940 


Bedford, B.D., U.S. Pat. 2,222,700, 26 Nov. “Electric Valve Circuits’’, 

Carmichael, T.F., U.S. Pat. 2,222,214, 19 Nov. ‘‘Power Converting Unit and 
System’’, 

Croden, W.T., U.S. Pat. Reissue Re. 21,407, 26 Mar. “Control System’’, from 
original U.S. Pat. 2,086,120, 6 July 1937, 

Demontvignier, M., U.S. Pat. 2,190,353, 13 Feb. "Control Device for Rectifiers 
with Ionized Vapor”. 

Edwards, M.A., U.S. Pat. 2,190,775, 20 Feb. “Electric Valve Circuit’’, 

Edwards, M.A., U.S. Pat. 2,194,299, 19 Mar. ‘‘Frequency Compensator’’, 

Edwards, M.A., U.S. Pat. 2,210,805, 6 Aug. “Control System’’, 

Garlick, W.J., U.S. Pat. 2,207,248, 9 July, “Electromagnetic Controlling Means’’, 

Geyger, W., Wiss, Veroff, Siem., Vol. 19, No. 3, p. 4, 5 Nov. pp. 226-269, , 
“Foundations of the Magnetic Amplifier for Measuring and Control": also 
Abstract 2857, Wireless Engr., 1941. 

Gulliksen, F.H., U.S, Pat. 2,208,420, 16 July, “Registration Control System”. 

Gusew, W.W., ETZ, Vol. 61, pp, 916-917, 1940; also El, Stanzii, 1940, 
**Gleichstromgeregelte Petersenspulen’’, 

Klemperer, H., U.S. Pat. 2,206,701, 2 July, “Rectifier Circuits”. 

Lamm, A.U., Elektroteknisk Tidsskrift (Norway), Vol. 59, pp. 97-107, 1940, 
‘‘Transduktoren eller den likstrommagnetiserte reaktor-et statiske rele og 
reguleringselement’’. 

Lamm, A.U., Tekn, Tidskrift, Vol. 70, pp. 189-193, 1940, ““Transduktoren, en 
panyttfodd medlem av de elektriska apparaternas familj”. 

Lamm, A.U., and Vellard, L., Rev. Gen. Electr,, Vol. 47, pp. 373-389, 1940, 
“Le transducteur et ses applications’’, 

Ludbrook, L.C., U.S. Pat. 2,213,882, 3 Sept. “Electrical Control System”, 

Mills, H.L., U.S. Pat. 2,200,632, 14 May, ‘‘Arc Welding System’’, 

Morack, M.M., U.S. Pat. 2,202,711, 28 May, “Electric Valve Converting 
System’’, 

Moyer, E.E., U.S. Pat. 2,190,799, 20 Feb, “Starting Circuit for Electric Valve 
Apparatus’’, 

O' Hagan, B.E., U.S. Pat. 2,215,910, 24 Sept. ‘‘Railway Track Circuit Apparatus", 

O'Hagan, B.E., U.S. Pat. 2,216,623, 1 Oct. ‘Railway Signaling Apparatus’’, 

Partington, R.M., U.S. Pat. 2,202,715, 28 May ‘Electric Circuit’. 

Schmidt, A., Jr., U.S. Pat. 2,193,649, 12 Mar. ‘‘System of Electrical Distr ibu- 
tion . 

Schmutz, O., U.S. Pat. 2,217,457, 8 Oct. “Generator Voltage Regulator”. 

Stevens, S.A., and Walker, A.H.B., U.S. Pat. 2,222,048, 19 Nov. “Apparatus 
for the Production of Electric Oscillations’. 

Walsh, P.J., U.S. Pat. 2,199,121, 30 Apr. "Converter System”. 

Whitenack, M.E., U.S. Pat. 2,208,235, 16 July, ‘‘Electrical Control”. 

Willis, C.H., U.S. Pat. 2,196,046, 2 Apr. “Electric Fence”. 
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1941 


Alexanderson, E.F.W., and Mittag, A.H., U.S, Pat. 2,248,600, 8 July, ‘Electric 
Valve Circuits’’. 

Bowen, A.E., U.S. Pat. 2,230,558, 4 Feb. “Electron Discharge Apparatus’’, 

Buchanan, C.C., U.S. Pat. 2,230,860, 4 Feb. “Code Responsive Control 
Apparatus’’, 

Chambers, D.E., U.S. Pat. 2,267,395, 23 Dec. ‘‘Control System’’, 

Edwards, M.A., U.S. Pat. 2,262,491, 11 Nov. “Electric Control Circuit’. 

Eisenschmid, O., U.S. Pat, 2,261,676, 4 Nov. “Voltage Regulator'', 

Finch, J.L., and Usselmen, G.L., U.S. Pat. 2,242,881, 20 May, ‘Rectifier 
Filter . 

Geyger, W., Wess. Veroff. Siem., Vol. 20, pp, 253-267, ‘‘Experimentelle Unter- 
suchungen an magnetischen verstarkern fur die Mess-und Regeltechnik”. 

Geyger, W., ETZ, Vol. 62, Nos. 42-43 and 44-45, p. 849, 23 Oct. and p. 891, 
6 Nov. ‘Magnetic Amplifiers for Measuring and Control Technique’’; also 
Abstract 1135, Wireless Engr., 1942; also Sc. Abstract B, No. 1851, 1946, 
Giroz, H.E., Bull. Soc, Franc. Electr., Vol. 1, p. 459, Aug. to Oct. ‘Application 
of Magnetic Amplifiers to the Control and Automatic Regulation of Furnace 
Temperatures"'; also Sc. Abstract B, No. 2369, 1946, 

Gulliksen, F.H., U.S. Pat. 2,228,078, 7 Jan, ‘‘Reversing Control for Alternating 
Current Motors”. 

Hedding, L.K., and Johnson, P.S., U.S. Pat. 2,253,705, 26 Aug. “Electrical 
Regulating Apparatus”, 

Heller, B., and Ibl, J., U.S. Pat. 2,231,670, 11 Feb. “Grid Control System’’, 

Livingstone, O.W., U.S. Pat. 2,250,961, 29 July, “Electric Valve Circuit", 

Logan, F.G., U.S. Pat, 2,259,647, 21 Oct. ‘Electric Controlling Apparatus’’, 

Sasloff, S.P., U.S. Pat. 2,253,351, 19 Aug. “Energy Translating Apparatus’'. 

Schilling, W., Electrkt. Masch,, Vol. 59, No. 33/36, pp. 397-406, 29 Aug. 
“‘Polarized-Iron Core Chokes for Regulating Purposes’’; also Abstract 428, 
Wireless Engr., 1944, 

Schneider, E.D., and Ryan, A.R., U.S. Pat. 2,266,569, 16 Dec. “Temperature 
Control System”. 

Scott, D.B., U.S. Pat. 2,265,930, 9 Dec. “Welding System”. 

Sweeny, C.P., U.S. Pat. 2,227,468, 7 Jan. "variable Voltage Transformer’’, 


. Vance, P.A., U.S. Pat. 2,253,962, 26 Aug. ‘‘Reactor’’. 


Werner, O., U.S. Pat, 2,229,950, 28 Jan. "Arrangement for Controlling the 
Voltage of Alternating Current Circuits”. 

Whitely, A.L., and Ludbrook, L., U.S. Pat. 2,229,952, 28 Jan. “Magnetic 
Amplifier”, 

Wickerham, W.R., U.S. Pat. 2,238,613, 15 Apr. '^Wound Motor Rotor Control”. 


1942 
AIEE, AIEE STANDARD DEFINITIONS OF ELECTRICAL TERMS, New York, 


AIEE, 1941, 1942. 
Barth, G., U.S, Pat. 2,287,755, 23 Tune, ‘‘Power Amplifier”. 
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1942 


Baston, C.E., U.S. Pat. 2,289,171, 1942, “Speed Responsive Device’’, 

Batten, W.B., U.S. Pat. 2,285,556, 9 June, “Vapor Electric Device”, 

Bedford, B.D., U.S. Pat. 2,284,794, 2 June, “Electric Circuits’’, 

Bedford, B.D., U.S. Pat. 2,289,090, 7 July, “Electric Circuit”. 

Buchhold, T., Archiv. fur Elek., Vol. 36, pp. 221-238, 514, 30 Apr. ''Uber 
Gleichstromvormagnetisierte Wechselstromdrosselspulen und deren 
Ruckkoppling’’; translation, Rex, H.B., Instruments, Vol. 20, pp. 1102 - 
1109, Dec. 1947; also Abstract 3547, Wireless Engr., 1946, 

Claesson, P.H.E., U.S. Pat, 2,806,998, 29 Dec. “Automatic Voltage And 
Current Regulating Device”. 

FitzGerald, A.S., U.S. Pat. 2,277,849, 31 Mar. “Electrical Control System’’, 

Garlick, W.J., U.S. Pat. 2,292,514, 11 Aug. ‘Control Apparatus for Electrical 
Circuits”, 

Geyger, W., Wiss. Veroff. Siem., Vol. 20, p. 33, ‘Experimental Investigations 
on Magnetic Amplifiers for Measuring and Control Technique”’ ; also 
Abstract 123, Wireless Engr., 1943. 

Geyger, W., Wiss. Veroff, Siem., Vol. 21, p. 187, ““A Null Current Magnetic 
Amplifier of High Sensitivity for Measurement and Regulation Purposes"'; 
also Sc. Abstract B, No. 2343, 1946, 

Hartel, W., Archiv. fur Elek., Vol. 36, pp. 556-572, ''Abschatzung der 
Oberwellen bei gleichstromvormagnetisierte Drosselspulen'', 

Hedding, L.K., U.S. Pat. 2,282,471, 12 May, ‘‘Electrical Regulating Apparatus'', 

Hinds, R.S., and Mandl, A., U.S. Pat. 2,272,745, 10 Feb. ‘“Means for Charging 
Electric Batteries”, 

Hines, C.M., U.S. Pat. 2,297,148, 29 Sept. “Railway Signaling Apparatus", 

Huge, H.M., U.S. Pat. 2,274,925, 3 Mar. ''Static Frequency Changer''. 

Lamm, A.U., THE TRANSDUCTOR, D.C. PRE-SATURATED REACTOR, WITH 
SPECIAL REFERENCE TO TRANSDUCTOR CONTROL OF RECTIFIERS”, 
Esselte Aktiebolag, Stockholm, 1942(?). 

Logan, F.G., U.S. Pat. 2,299,911, 27 Oct. “Motor Starting Apparatus’’. 

Manley, J.M., U.S. Pat. 2,272,246, 10 Feb. “Electrical Frequency Changer''. 

Moyer, E.E., U.S. Pat. 2,273,586, 17 Feb. ‘Electric Valve Circuits”, 

Runaldue, L.R., U.S. Pat. 2,278,151, 31 Mar. “Regulating Apparatus'', 

Schneider, E.D., U.S. Pat. 2,285,172, 2 June, “Control System’’. 

Summers, C.M., U.S. Pat. 2,272,755, 10 Feb. “Electrical Regulating Apparatus’. 

Summers, C.M., U.S. Pat. 2,272,756, 10 Feb. “Regulating Apparatus’ `. 


1943 


Adler, R., Electronics, Vol. 16, p. 128, Nov. ““B-H Curve Tracer for 
Lamination Samples’’. 

Amsden, R.D., U.S. Pat. 2,334,528, 16 Nov. “Electrical Control System”. 

Andrews, R.A., U.S. Pat. 2,309,156, 26 Jan. “Electric Controlling Apparatus”, 

Buchhold, T., Archiv. fur Elek., Vol. 37, pp. 197-211, “Zur Theorie des 
magnetischen Verstarkers’’; also Abstract 55, Wireless Engr., 1944; also 
Sc. Abstract B. No. 1599, 1945. 


66 


1943 


Edwards, M.A., U.S. Pat. 2,313,526, 9 Mar. “Electric Circuit”. 

Geyger, W., Wiss, Veroff. Siem., Vol. 21, p. 47, ““A High Sensitivity Magnetic 
Null-Circuit Amplifier for Measuring ‘and Control Technique’’, 

Haines, A.B., U.S. Pat. 2,309,586, 26 Jan. “Static Frequency Changing System’’. 

Harty, E ‚A., AIEE Trans., vol. 62, pp. 624-629, Oct. “Characteristics and 
Applications of Selenium-Rectifier Cells" " 

Hedding, L.K., U.S. Pat. 2,316,331, 13 Apr. ''Voltage Regulating Apparatus’’. 

Hedding, L.K., U.S. Pat. 2,322, 130, 15 June, “Electrical Regulating Apparatus''. 

Herskind, C.C., U.S. Pat. 2, 335, 673, 30 Nov. “Electric Valve Translating 
Apparatus"! e 

Hornpeck, A.J., U.S. Pat. 2,310,955, 16 Feb. System of Measurement and/or 
Control", 

Huge, H.M., U.S. Pat. 2,329,537, 14 Sept. "Nonlinear Inductance’’, 

Johnson, R.A.S., U.S. Pat, 2,312,416, 2 Mar. “Constant Current Transformer’ `, 

Lamm, A.U., THE TRANSDUCTOR, Sweden, 1943. 

Lamm, A.U., Dissertation, Stockholm, 1943, ‘‘The Transductor, D.C. Pre- 
Saturated Reactor with Special Reference to Transductor Control of 
Rectifiers”; also 2nd Ed. Acta Polytechnica, Academy of Engineering 
Science, Stockholm, May 1948. 

Lamm, A.U., THE TRANSDUCTOR, D.C. PRE-SATURATED REACTOR, WITH 
SPECIAL CONTROL FOR RECTIFIERS, Esselte Aktiebolag, Stockholm, 1943. 

Lamm, A.U., U.S. Pat. 2,337,253, 21 Dec. “Direct Current Saturated Inductance 
with Relay Action”; reissued as U.S. Pat. Re. 22,768, 25 June 1946. 

Ledward, T.A., Wireless World, Vol. 48, p. 230, Aug. «DC JAC Converter”. 

McCreary, H.J., U.S. Pat. 2,324,634, 20 July, “Electromagnetic Inductance 
Apparatus”. 

Milarta, L.E., U.S. Pat. 2,331,411, 12 Oct. ‘‘Regulated Rectifier”. 

Moyer, E. E., U.S. Pat. 2, 331, 131, 1943, “Electric Regulating Circuit". 

Myers, H.C., U.S. Pat. 2, 318, 091, 4 May, “Vapor - Electric Device’’. 

Peterson, E., U.S, Pat. 2, 317, 482, 27 Apr. “Wave Generating System'', 

Ryan, A.R., U.S. Pat. 2, 331, 731, 12 Oct. “Electric Valve Circuit’’. 

Smith, D.W. , Aeronautical Engr. Rev., May, ''Magnesyn Remote Reading 
Compass"! ; 

Smith, LR., U.S. Pat. 2,333,617, 2 Nov. ""Battery-Charging System : 

Walsh, P.J., U.S. Pat. 2, 329, 021, 7 Sept. ‘‘Electromagnetic System’’. 

Wentz, E.C., Westinghouse Ener., Vol, 3, p. 115, Nov. ''Saturable Core 
Reactor Now Smaller, More Capable e 

Wentz, E.C., Westinghouse Engr., Nov. "A Nee Saturable Core Reactor”. 

Winograd, H., U.S. Pat. 2,329,735, 21 Sept, “Electric Valve Protective 
System”. 


1944 


Geyger, W., U.S. Pat. 2, 338, 423, 4 Jan. “Apparatus for Measuring Direct 
Currents or Voltages”. 

Grandstaff, O.D., Gilman, T.W., and Herrick, R.H., U.S. Pat 2,343,411, 7 Mar. 
“Current Supply System’’. 


67 


1944 


Haug, E.H., U.S. Pat. 2,351,681, 20 June, "Constant Current Control", 

Hedding, L.K., U.S. Pat. 2,346,487, 11 Apr. “Regulating Apparatus’’, 

Hedstrom, S.E., and Krabbe, U., ASEA Tidning, Nr. 11-12, “Den 
kopplingstekniska appbyggnaden av transduktorregulatorer’’. 

Herrick, R.H., U.S. Pat. 2,340,382, 1 Feb. “Frequency Reducing System’’. 

Holden, W.H.T., U.S. Pat. 2,339,406, 18 Jan. “Electrical Transmission 
System °. 

Huge, H.M., U.S. Pat. 2,364,531, 5 Dec. ‘‘Frequency Reducer’’. 

Huge, H.M., U.S. Pat. 2,364,532, 5 Dec. ‘‘Common Core Frequency Changer”, 

Lee, R., U.S. Pat. 2,351,980, 20 June, “Voltage Stabilizer”. 

McNaney, J.T., Electronics, Vol, 17, pp. 118-125, Dec. “ʻA Continuous- 
Control Servo System’’, 

Myers, H.C., U.S. Pat. 2,349,633, 23 May, “Vapor Electric Device’’. 

Polydorf, W.J., Proc. Nat. Electronics Conf., Vol. 1, p. 146, “Incremental 
Permeability Tuning’’. 

Priest, J.E., U.S. Pat. 2,346,997, 18 Apr. “Voltage Regulator’’. 

Sparrow, H.T., U.S. Pat. 2,355,567, 8 Aug. ‘‘Control Apparatus’’, 

Trucksess, D.E., U.S. Pat. 2,349,685, 23 May, ''Rectifying System”. 


1945 


Boyajian, A., and Camilli, G., AIEE Trans., Vol. 64, No. 3, pp. 137-140, 
Mar. 1945, “‘Orthomagnetic Bushing Current Transformer for Metering”. 

Christopher, H.N., U.S. Pat. 2,373,383, 10 Apr. ''Self-Regulating Rectifier’’. 

Coyne Electrical School Technical Staff, ELECTRONICS (book), 1945, p. 79, 
‘‘Saturable Reactors’’. 

Dorfman, L.O., U.S. Pat. 2,387,889, 30 Oct. “Welding System’’. 

Dortort, I.K., U.S. Pat. 2,373,297, 10 Apr. ‘‘Electric Valve Control System’”’, 

Dyson, J., U.S. Pat. 2,371,035, 6 Mar, “Protective Circuits for Rectifiers’’. 

Garr, D.E., U.S. Pat. 2,378,765, 19 June, “Voltage Regulator'', 

Hedstrom, S.E., Tekn, Tidskrift, Part 18, ““Transduktorn som mattekneskt 
hjalpmedel’’. 

Holubow, H., Electronic Industries, Vol. 4, pp. 76-79, Mar. ‘D.C. Saturable 
Reactors for Control Purposes'', 

Keiser, R.W., U.S. Pat. 2,387,797, 30 Oct. ‘‘Reactance’’. 

King, R.W.P., ELECTROMAGNETIC ENGINEERING, New York, McGraw-Hill, 
1945 

Massachusetts Institute of Technology, Radiation Laboratory Staff, MIT 
Radiation Lab. Report No. 666, 22 Mar. ''Equivalent Circuit of a Pulse 
Transformer Core also Library of Congress Publication Board Report 
PB-2719, 

Middel, H.D., U.S. Pat. 2,388,070, 30 Oct. “Electromagnetic Apparatus’’. 

Nordfeldt, B., U.S. Pat. 2,372,112, 20 Mar. ''Polyphase Direct Current 
Saturated Inductance”. 


68 


1945 


Royal Aircraft Establishment, Farnborough, Report No. EL 1361, Feb. ““The 
Control of Alternator Frequency on the German Long Range Rocket”. 
Ryder, J.D., AIEE Trans., Vol. 64, PP. 671-677, Oct. ‘‘Ferroinductance as a 

Variable Electric-Circuit Element’’. 
Short, T.T., U.S. Pat. 2,367,625, 16 Jan. “Voltage Regulator Circuit’’. 
Spitzer, C.F., Jour. App. Phys., Vol, 16, Feb. ''Sustained Subharmonics’’. 
U.S. Naval Technical Mission in Europe, Technical Report No. 206-45, sdn 
‘Servos with Magnetic Amplifiers (Transductors)'', 
Wickerham, W.R., U.S. Pat. 2,386,581, 9 Oct. ‘‘Hoist Control System’’, 
Wickerham, W.R., AIEE Trans., Vol. 64, No. 3, pp. 98-102, Mar. ''Variable- 
Unbalanced-Voltage Control", 
Wrathall, L.R., Bell Labs. Rec., Jan. “FM Transceiver’’. 


1946 


Bedford, B.D., U.S. Pat. 1,405,397, 6 Aug. “Electric Circuits”. 

Bixby, W.H., U.S. Pat. 2,409,610, 22 Oct. “Voltage Regulation’’. 

Bozorth, R.M., Chestnut, F.T., Elman, G.W., Sanford, R.L., and Williams, 

W. D., Nav. Tech. Miss. Jap. Report X-34(N), 1946, Dept. of Commerce 
PB 76031, 1946, “Magnetic Development in Japan During World War If’. 

Buchhold, T., 6 May, “On the Theory of Magnetic Amplifiers”. 

Buchhold, T., German Pat., Bibliography of Scientific and Industrial 
Reports, Office of Technical Services, U.S. Dept. of Commerce, Vol. 2, 

No. 5, p. 325, 2 Aug. PB 12464, ‘Magnetic Amplifier’’. 

Buchhold, T., German Pat., Bibliography of Scientific and Industrial Reports, 
Office of Technical Services, U.S. Dept. of Commerce, Vol. 2, No. 8, p. 562, 
23 Aug. 1946, PB 12487, “Magnetic Amplifier with Transverse Mag- 
netization’’. 

Buchhold, T., German Pat., Bibliography of Scientific and Industrial Reports, 
Office of Technical Services, U.S. Dept. of Commerce, Vol. 3, No. 7, p. 524, 
15 Nov. PB 12488, ‘‘Magnetic Amplifier’’. 

Cockrell, W.D., Electronic Industries, Vol. 5, pp. 48-53, Dec. ‘‘Saturable 
Reactors for Automatic Control’’ 

Cox, J.H., and Myers, H.C., U.S. Pat. 2,397,089, 26 Mar. ''Vapor-Electric 
System’’. 

Ed., ASEA Jour., Nr. 1-3, “Transductor Type Voltage Regulators, Other Types 
of Transductor Regulators and Power Regulation" ` 

Ganz, A.G., AIEE Trans., Vol. 65, pp. 177-183, Apr. “Applications of ‚Thin 
Permalloy Tape in Wide-Band Telephone and Pulse Transformers’ e 

Hedding, L.K., U.S. Pat. 2,399,185, 30 Apr. ‘Regulating Apparatus" e 

Herz, A., U.S. Pat. 2,401, 156, 28 May, ' ‘Electric Control System’’, 

Karplus, E., Electronics, Vol. 19, pp. 124-129, Nov. “‘Components of UHF 
Field Meters’’. 

Krabbe, H., ASEA Tidning, 5, pp. 47- 60, 1946, ““Transduktorn-dess verknings- 
satt och anvandningsmojlighet’’. 


69 


1946 


Krusmann, A., U.S, Pat. 2,399,872, 7 May, “Electrically Operating Regulating 
Device’, 

Lamm, A.U., U.S. Pat. Reissue Re. 22,768, 25 June, “Direct Current Saturated 
en with Relay Action" . from original U.S. Pat. 2,337,253, 21 Dec. 

43 

Lamm, A.U., U.S. Pat. 2,403,891, 9 July, “Load Current Control", 

Manley, J.M., and Peterson, E., AIEE Tech, Paper 46- 120, May, “Negative 
Resistance Effects in Saturable Reactor Circuits’, 

Pettibone, G.H., U.S. Pat. 2,394,100, 5 Feb. “Electric Motor Control System’’, 

Schoerer, L., La Radio en France, Vol. IV, p. 24, “Les Amplificateurs 
Magnetiques’’. 

Snoek, J.L., and duPre, F.K., Philips Tech. Rev., Vol. 8, pp. 57-64, Feb. 
“Several After-Effect Phenomena and Related Losses in Alternating Fields", 

Snoek, J.L., Philips Tech. Rev., Vol. 8, pp. 353-360, Dec. ‘‘Non-Metallic 
Material for High Frequencies’’. 

Thomas, H.A., Electronics, Vol. 19, pp. 130-131, Dec. ''Electrometer Input 
Circuits”. 

Wickerham, W.R., U.S. Pat. 2,408,461, 1 Oct. “Control System’’. 

Wrathall, L.R., Bell Labs. Rec., Vol. 24, pp. 102-105, Mar. “FM by Non-Linear 
Coils . 


1947 


Alexanderson, E.F.W., and Mittag, A.H., U.S. Pat. 2,431,903, 2 Dec. ‘Electric 
Control Circuits’’. 

Anderson, W.C., U.S. Pat. 2,428,693, 7 Oct. “Voltage Control Apparatus’’. 

Augier, J.A., U.S. Pat. 2,427,542, 16 Sept. “Electric Control Circuit", 

Augier, J.A., U.S. Pat. 2, 428, 604, 7 Oct. “Means Producing a ‚Steep Wave- 
Front Potential for Control of Electric Discharge Devices”. 

Beyer, R.T., Phys. Rev., Vol. 72, p. 522, 15 Sept. ‘Use of Magnetic Amplifiers 
in Computing Circuits”. 

BIOS Report No. 1283, p. 60, ‘Magnetic Developments in Japan During World 
War 

Boothby, O.L., and Bozorth, R.M., Jour. App. Phys., Vol. 18, pp. 173-176, 
Feb. ‘‘A New Magnetic Material of High Permeability’’. 

Buchhold, T., 6 Feb. “Direct Current Premagnetized Reactors with and without 
Feedback” , (translated by Priauf, J.B.). 

Casimir, H.B.G., Philips Res. Rpt., Vol. 2, pp. 42-54, ‘‘On the Theory of Eddy 
Currents in Ferromagnetic Materials'', 

Cobine, J.D. et al., JRE Proc., Vol. 35, pp. 1060-1067, Oct. ‘‘High-Frequency 
Excitation of Iron Cores’’ 

Ed., ASEA Publication 7051 E /Reg 479, Mar. "the Transductor, Principle 
and Application’’. 

Ed., ASEA Publication 7126 E /Reg 479, “‘The Transductor Applied to Electrical 
Measurement’. 


70 


1947 


Ed., Electronics, Oct. ‘‘Reactance Amplifiers’’. 

Edwards, M.A., and Ogle, H.M., U.S. Pat. 2,414,936, 28 Jan. “Follow-up 
Control System”. 

Edwards, M.A., U.S. Pat. 2,432,399, 9 Dec. “Electrical Control Device”. 

Embry, A.L., U.S. Pat. 2,422,958, 24 June, ''Saturable Reactor System’’. 

Falls, W.H., G.E. Rev., Vol. 50, pp. 34-38, Feb. **Reactifiers: Selenium and 
Copper Oxide’’. 

Felch, E.P., et al., Elec, Eng., Vol. 66, pp. 680- 685, July, ''Air-Borne 
Magnetometers’’. 

FitzGerald, A.S., Jour. Franklin Inst., Vol. 244, No, 4, pp. 249-265, Oct. 
"Magnetic Amplifier Circuits, Neutral Type” : 

FitzGerald, A.S., Jour. Franklin Inst., Vol. 244, pp. 323-362, Nov, ''Some 
Notes on the Design of Magnetic Amplifiers"! è 

FitzGerald, A.S., Jour. Franklin Inst., Vol, 244, pp. 415-440, Dec. ‘‘Magnetic 
Amplifier Characteristics, Neutral Type’’. 

Greene, W.E., Electronics, Vol. 20, pp. 124-128, Sept. “Applications of 
Magnetic Amplifiers”. 

Haug, E.H,, U.S. Pat. 2, 421, 786, 10 June, “Circuit Control Apparatus’’, 

Helber, C., Electronic Industries & Instrumentation, pp. 4, 9, 13, Dec. 

‘Designing Saturable-Core Reactors for Specific Uses’’, 

Heltertine, L.L., Jr., Electronics, Vol. 20, pp. 96-97, June, ''Diode- 
Controlled Voltage Regulators’’. 

Helterline, L.L., Jr., Tele- Tech, Vol. 6, pp. 63-65, 106-107, July, “Design 
of Regulated Power Source”. 

Houck, G., Electronic Industries & Instrumentation, Dec. pp. 12-13, 

“Controlled Sources for Heavy Direct Currents'', 

Huge, H.M., U.S. Pat. 2,418,640, 8 Apr. “Frequency Changer E 

Huge, H.M., U.S. Pat. 2, ,418, 641, 8 Apr. Frequency Changer E 

Huge, H.M., U.S. Pat, 2, 418, 642, 8 Apr. ‘Frequency Reducer’’. 

Huge, H.M., U.S. Pat. 2, 418, 643, 8 Apr. “Magnetic Frequency Changer" ; 

Jenks, H.C., U.S. Pat, 2, 420, 881, 20 May, “Regulating System’’. 

Kirschbaum, H.S., and Harder, E. L., AIEE Trans., Vol. 66, pp. 273- 278, 1947, 
“Balanced Amplifiers Using Biased Saturable Core Reactors’’, 

Kirschbaum, H.S., and Harder, E.L., AIEE Trans., Vol. 66, p. 748, 1947, 

“A Balanced Amplifier Using Biased Saturable Core Reactors’ ; also 
AIEE Tech, Paper 47-48, Jan. 

Krabbe, U.H., ASEA Jour., Vol, 20, p. 119, 1947, “The Transductor, Principle 
and Application’’. 

Krabbe, U.H., and Hedstroem, S.E., ASEA Jour., Vol. 21, p. 3, 1947, ““The 
Design of Transductor Circuits”. 

Lamm, A.U., AIEE Trans., Vol. 66, pp. 1078-1085, 1947, “Some Fundamentals 
of and Theory of the Transductor or Magnetic Amplifier"; ‚ also AIEE Tech, 
Paper 47-141, 1947. 

Lamm, A.U., AIEE meeting, Montreal, Canada, June, “Transconductor 
Fundamentals’’. 


71 


1947 


Lang, K.A., U.S. Pat. 2,426,937, 2 Sept. “Current Control Apparatus’’. 

Lee, R., ELECTRONIC TRANSFORMERS AND CIRCUITS, New York, 
John Wiley & Sons, Inc., 1947, 

Lobenstein, J., Machine Design, Vol. 19, No. 3, pp. 112-114, Mar. 
"Selenium Rectifiers’’. 

Potter, J.A., U.S. Pat. 2,423,114, 1 July, “Voltage Regulated Rectifier 
Circuit’. 

Rex, H.B., Instruments, Vol. 20, pp. 1102-1109, Dec. “The Transductor’’. 
Sack, H.S., Beyer, R.T., Miller, G.H., and Trischka, J.W., IRE Proc., Vol. 35, 
No. 11, pp. 1375-1382, Nov. “Special Magnetic Amplifiers and Their Use 

in Computing Circuits’’. | 

Snoek, J.L., NEW DEVELOPMENTS IN FERROMAGNETIC MATERIALS, 

New York, Elsevier Publishing Co., 1947. 

Vance, P.A., G.E. Rev., Vol. 50, No. 8, pp. 17-21, and No. 9, pp. 42-44, Aug. 
and Sept. ‘‘Saturable Reactors for Load Control, I and DU, 

VerPlanck, D.W., and Fishman, M., ONR Contract N6ori-47, Task Order V, 
Carnegie Inst. of Tech., Feb. ‘Magnetic Amplifiers Part I -- The Steady 
State Performance of Magnetic Amplifiers without Feedback", 

VerPlanck, D.W., and Fishman, M., ONR Contract N6ori-47, Task Order V, 
Carnegie Inst. of Tech., Aug. ‘‘Magnetic Amplifiers Part II -- The Steady 
State Performance of Magnetic Amplifiers with Feedback’’. 

Verwey, E.J.W., Haayman, P.W., and Heilman, E.L., Philips Tech. Rev., Vol. 9, 
No, 6, pp. 185-190, 1947, ‘‘On the Crystalline Structure of Ferrites and 
Analogous Metal Oxides’’. 

Verwey, E.J.W., Philips Tech. Rev., Vol. 9, No. 2, pp. 46-53, 1947, “Electronic 
Conductivity of Non-Metallic Materials’. 

Walsh, P.J., U.S. Pat. 2,417,622, 18 Mar. “Converter System”. 

Wiegand, D.E., and Hansen, W.W., AIEE Trans., p. 119, 1947, “A 60-Cycle 
Hysteresis Loop Tracer for Small Samples of Low Permeability Materials’’, 

Zamsky, J., Elec, Engrg., Vol. 66, pp. 678-680, July, “A Cathode Ray B-H 
Tracer . 


1948 


Astbury, N.F., Jour. LE.E., Part II, Vol, 95, pp. 607-616, Oct. ‘‘Some Aspects 
of the Theory of Iron-Testing by Wattmeter and Bridge Methods’’, 

Bays, C.F., and Slater, D., Jour. LE.E., Part I, Vol. 95, p. 92, Feb. ‘The 
Hermetic Sealing of Transformers and Chokes Used in Communication 
Equipment”. 

Beaumariage, D.C., ONR Contract N6ori-47, Task Order V, Carnegie Inst. 
of Tech., Apr. “Magnetic Amplifiers Part III - “The Step by Step 
Calculation of a Magnetic Amplifier’’. 

Bell, D.A., Wireless Engr., Vol. 25, pp. 303-304, Sept. ““Simplified Magnetic 
Amplifier”. 


12 


1940 


Black, A.O., Jr. Tech, Paper, Naval Ordnance Laboratory Magnetic Materials 
Symposium, Washington, D.C., 15 June, reported in USNOL Report NOLR 
1091, “Magnetic Amplifier Development", 

Black, A.O., Jr., Tech. Paper, Nat. Electronics Conf., Chicago, 6 Nov. 
**Influence of Core Material on Magnetic Amplifier Design”. 

Both, E., Tech. Paper, Naval Ordnance Laboratory Magnetic Materials 
Symposium, Washington, D.C., 15 June reported in USNOL Report NOLR 
1091, ‘‘Some Factors Governing the Achievement of a Rectangular 
Hysteresis Loop’’. 

Both, E., Tech, Memo, No. M-1155 GS - SigC - SCEL Fort Monmouth #6, 

30 Sept., SigC Proj. 152A, D.A. Proj. No. 3-99-15-021, ‘Magnetic 
Materials with a Rectangular Hysteresis Loop”. 

Brailsford, F., Jour. LE.E., Part II, Vol. 95, pp. 38-48, Feb. and Apr. “‘Inves- 
tigation of the Eddy-Current Anomaly in Electrical Sheet Steels’’. 

Butler, O.L, and Mang, C.Y., Jour. LE.E., Part II, Vol. 95, pp. 15-24, Feb.; 
also, Jour. LE.E., Part I, Apr. ‘The Effects of Overlapping Joints in 
Laminated Magnetic Cores on the M.M.F. and Power Required for Their 
A.C. Magnetization’’, 

Butler, O.L, and Mang, C.Y., Jour. LE.E., Part II, pp. 25-37, Feb, also 
Aug. “The Predetermination of the Magnetic Properties of Ferro-Magnetic 
Laminae at Power and Audio Frequencies’’, 

Butler, O.L, Jour. LE.E., Part II, Vo. 95, pp. 627-635, Oct. ‘Polarization 
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Science, 


"I often say that when you can measure what you 
are speaking about, and express it in numbers, you 
know something about it: but when you cannot measure 
it, when you cannot express it in numbers, your know- 
ledge is of a meagre and unsatisfactory kind; it may 
be the beginning of knowledge, but you have scarcely, 
in your thoughts, advanced to the stage of Science, 
whatever the matter may be." 


- Lord Kelvin 


